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SESSION CXXIV. 



mWedneaday, 2Ut Novcvthir 1894. — Professor H. AUBYNB 
Nicholson, F.LS., F.G.S., retiring President, in the 
Chair. 



The retiring President delivered the following opening 
address : — 

I Gentlemen, — Three years ago the Society did me the 
' £reat honour of placing me in the Chair. I felt grave 
doubts at the time as to the propriety of my accepting this 
honour, knowing that it would not be possible for me— if 
from geograpiiicat causes only — to take as active a part 
ID the work of the Society as I ought to do. I cannot 
say that these doubts have beeu removed in course of time ; 
but I must ask you to believe that I have always taken the 
warmest interest in the progress and success of the Society, . 
and that my shortcomings, however great, have largely 
depended upon causes beyond my control 

I had hoped on the present occasion to have laid before 
you something that might in some degree have justified your 
choice of me as President. I greatly regret to aay, however, 
that, owing in part to a prolonged iUness, and in part to the 
heavy pressure of official duties, I have not found it possible 
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to select for my address to-niglit any subject involving 
protracted original iDvestigation. Under these circumataDces, 
I thought it best to confine my efforts to taking a general 
view of some subject of interest alike to geologists and 
biologists, and I have therefore elected to place before 
you my views as to the present aspect and position of the 

ll-known doctrine of the " I'ennaneiice of the Ocean- 
Basins," or, to speak more correctly, of the abysses of 
these basins. 

Even if the Science of Geology had no existence, if the 
structure of the earth's crust were absolutely unknown to us, 
nevertheless the researches of the zoologist and botanist 
would have convinced us that the present distribution of 
land and water could by no means have existed unchanged 
since the beginning of terrestrial iiistory. Were it otherwise 
— were the present configuration of the earth's surface a 
matter of primordial arrangement, and immutable, then the 
innumerable problems connected with the distribution of 
animals and plants would be absolutely insoluble, unless 
upon the entirely unscientific hypothesis of " special 
creation." 

Geology teaches us, however — by the amplest and clearest 
evidence — that the present state of tilings is only the lost 
phase of a long series of mutations, which began with the 
iirst formation of the solid crust, and which are still iu 
progress. These changes are generally admitted to be the 
result of differential movements of the crust, by which 
certain areas undergo elevation or are pushed up, while 
others are depressed or sink down. The primary cause of 
these earth-movements is to be found in the slow contraction 
of the globe, conseqnent on the loss of its internal heat by 
Tadiation ; a subsidiary, but probably very active cause 
being the transference of material from one area to another, 
as the result of denudation. Roughly speaking, the elevated 
areas of the earth's crust are the dry lands, while tlie 
depressed aieas constitute the ocean-basins. 

Whatever difl'erences of opinion may exist upon other 
points, there is absolute unanimity among geologists in 
believing that our existing dry lands have been repeatedly 
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'Aiider the sea during the course of geological time, wliila J 
pnrts, at any rate, of the areas now occupied by the oceaa ] 
liave beeu in the condition of dry land. 

It is not necessary to discuss here whether the repeated 1 
submergences of the dry lands above referred to are the 
result of differential movements of elevation and depression 
in tlie earth's crust, or whether they may not be due in part 
to local alterations in the level of the ocean, aa believed by 
Keumayr. The repeated occurrence of such aubmergencea 
«s a primary fact in geological history, is suihciently shown 
by the existence in all the larger land-masses of stratified 
rocks containing the remains of marine animals. Such 
marine fossiliferous sediments, which at one lime formed the 
flour of the sea, are found to compose the great bulk of the 
existing dry lands, contributing very largely to even the 
loftiest mountain-ranges of the present day ; and the fact that 
they consist of aeries of formations of diflerent ages, and 
capable of being arranged in historical sequence, is sufficient 
proof that the submergence baa been repeated more than 
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While all geologists admit that during geological time 
there has been a repeated interchange of position between 
the dry lands and the sballow seas bordering these, scientific 
opinion is not yet agreed as to the extent to which the 
deeper portions of the oceanic depressions have participated 
this iuterchange. The oUer geologists, such as Lyell, 
lield that elevation and depression were correlative pbeno- 
luena, and that the admission that the dry lands bad been 
repeatedly submerged beneath the sea, carried with it the 
admission that the present oceanic areas must have been 
repeatedly elevated to form dry lajid. lu this connection I 
it may be pointed out that the above tlieory by no meacfl 
implies that an entire continent must necessarily be sub- 
tnerged at once, or that a whole ocean-Hoor should be at 

ice elevated to form dry land. On the contrary, all that 
'e know of earth- movements would lead ns to believe that 

ich changes of position, however extensive in their final 

uUs, must always bave been accomplished bit by bit. 

lu opposition to the old Lyellian theory, many scientific J 
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men at the present day hold the doctrine of what is termed 
" the penoanence of the ocean-baains," a doctrine which 
implies a greater or less amount of stability in the position 
of the great continental areas. In cousideriDg thia theory, 
it may be as well to remind you of what the present state 
of things is. Were the earth's surface smooth, there is 
enough water in the existing eeas to give rise to a con- 
tinuous ocenn of about half a mile in depth. As a matter 
of fact, the terrestrial surface is uneven, some areas being 
nearer to the earth's centre than others, thus giving rise 
respectively to the ocean-basins and the continents. The 
dry lands cover 28 per cent, of the earth's surface, 
and have a mean elevation of 2250 feet above the sea- 
level. The ocean covers 72 per cent, of the earth's 
surface, and has a mean depth of 12,000 feet. Hence 
the elevated areas are not only of relatively small extent, 
hut they are also of relatively small height, as compared 
with the area and depth of the oceanic depreaaions. Again, 
the continents and continental islands are generally margined 
by a broad zone of shallow water, showing that they are 
merely the exposed portions of great terrestrial platforms, 
the edges of which are covered by the sea. The true 
border of the proper ocean is tlie edge of the submarine 
plateaux upon which the continents stand. At the edge of 
this the water may be from 100 to 300 fathoms in depth, 
and then commences a comparatively rapid slope, which 
leads to the vast regions forming the floor of the deep sea. 
The floor of the deep sea, laatly, ia not absolutely flal^ but is 
undulated, and its depth below the surface varies from 1000 
to 4600 fathoms. 

Stated in its briefest form, the doctrine of the " per- 
manence of the ocean-basins " holds that though our existing 
dry lands must have been repeatedly submerged below the 
level of the sea, such submergence was never to great 
depths, and was, in any given period, of an altogether 
partial character. It is held, therefore, that our existing 
continents have been built up bit by bit, by partial aub- 
mei^ence beneath the sea at different places and at different 
times ; but that, on the whole, they have retained their 
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Tpresent places since the begiDniug of geological time. Aa k 
' corollary to this, it is held that the existing deep seas — 1.«.,' 
areas now coveied by water of more than 1000 fathoms ia 
depth — have been permanent features in the physical con- 
figuration of the earth's surface, and that the abysses of the 
ocean-floor have not been up-raised to form dry land since 
the oldest fossiliferous rocks were laid down. 

This doctrine is based upon a vast number of very com- 

Iplex data, and carries with it conclusions of the most vital 
import to both geologists and biologists, while it may 
be said that the time for its final solution has not yet arrived. 
From a merely theoretical point of view, it seems very un- 
Lkely that while the dry lands have been subjected to 
repeated movements which must in many instances have 
involved displacements of many thousands of feet, measured 
■vertically, the ocean-floors should at the same time have 
been exempted from displacements of a contrary character. 
Thus, to take one example only, a large portion of the Noith 
American continent, including what are now the Eocky 
Mountains and Appalachians, must have been depressed 
I during Palffiozoic time to a depth of 30,000 to 40,000 feet, 
■ ttnce it is now covered by a more or less absolutely con- 
I tiouous series of Falieozoic marine sediments of the above 
I thickness (Walcott, Amcr. Geologist, vol. xii., p. 343). 
\ But, if the old AJgonkian and pre-Cambrian floor had thus 
sunk some five or six miles, we can hardly suppose that the 
fonniiations of the Atlantic and Pacific had during the same 
time been free from some corresponding movement. In fact, 
if we are dealing with a curved surface, such as that of a 
slowly cooling globe, which is gradually shrinking in such a 
I roanner aa to produce tangential thrust, it is hardly conceiv- 

^^■able that elevation and depression should not be to some 
^^^fcxtent correlative. If one area sinks, another will tend to 
^^H'be pushed up ; though it does not follow that the two move- 
^^Bmeuts will be precisely similar in kind or equal in amount. 
^^^■It may be freely admitted that the weight of the oceanic 
^^^pwatera would tend in general to increase the stability of the 
I ocean-floors in comparison with the dry lands; but this coa- 

sideratioD would not warrant the view that the floor of tlta^ 
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deep sea had been wtiolly exempt rmra movement 
Cambrian times. In fact, the theory of the permanence 
the deep ocL-an-basitis really demantU that the ocean-floor 
these regions should have been conatantly sinking since 
Cambrian times, as otherwise there would have been nothing 
to neutralise the continned accumiilntion of deep-sea deposits. 

As before said, the doctrine of the permanence of the deep 
oceans carries with it the virtnal stability of the great con- 
tinental platforms since Cambrian times, though it allows of 
a lai^e range of vertical displacement as a local and partial 
phenomenon in ihe latter. Many arguments, both geological 
and biological, of more or less weight, have been brought 
forward in support of this doctrine, and I propose to review 
the more important of these as briefly as possible. Most of 
them may be very shortly dismissed in view of the over- 
whelming importance of one, which, to my mind, is alisolutely 
vital. The argument to which 1 alhide is, that if the floors of 
the deep ocean-basins of the present day had ever been raised 
above the level of the sea in times subsequent to ihe Cam- 
brian, then we ought to find in the existing dry lands some 
deposits which could be fairly compared with the known 
deep-sea deposits of the present day, but that we do not find 
auch. This argument is so Inr vital to the solution of the 
controversy, that though the apparent absence of deep-sea 
deposits in the dry lands would not conchisively prove the 
doctrine of the permanence of the deep ocean-basins, a single 
indubitable instance of the occurrence of such a deposit in 
the dry land would conclusively disprove the doctrine as one 
of universal application; and such instances can, I think, be 
offered in a number of cases. 

The first argument bearing upon the question before us 
which I propose to notice is that of the virtual stability in 
position of the existing continental platforms, as implied in 
the doctrine that our present continents were all sketched 
out in pre-Cambrian times, and have merely been added to 
during successive marginal submergences of small depth. 
This view has been strongly maintained as regards North 
America by Dana, who regards the present exposures of 
Laurentian and other Arch.TBn rocks in North America as 
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Tepresenting ths pre-Cembrian nucleus of the continen^n 

tound which the Pulfpnzoic rocks were laid down io" 

apparently rpguiarly succeeding zones or belts. Similarly 

in the Old World it might be held that the pre-Cambrian 

nucleus of Europe is to be found in the ridge of ArchieBD 

I rocks running from the North of Ireland through North- ( 

Western Scotland to Scandinavia, and that the present con- I 

tiuent was in the main built up in a shallow sea lying to the J 

south-east of this ridge, the denudation of which directly .^^^H 
furnished tlie materials for the formation of the uld^ |^^H 
Palaeozoic deposits. ^^^| 

It will be observed that this view is rather one of the I 

permanence of the conlinenis during Cambrian and post- 
Cambrian times, than it is a theory of the permanence of the | 
ocean-basins. Moreover, it must be borne in mind that what i 
Dana means hy "continental permanence" is (to use his own 
words) " not the absence of deep subsidences, or of deep con- 
tinental waters at times — say 2000 or 3000 feet in the 
interior or on the borders — but the non-occurrence of ' 
oceanic depths and alternations with oceanic conditions." 
In other words, Dana merely asserts that there is no proof 
that the North American continent was at any period of ' ' 

■ post-Archiean time occupied in part or wholly by a "deep 
«ea " in the modern hydrographer's sense of this term. Even 
in this limited sense, Dana's view clearly begs the question, 
tince the discovery of Kadiolarian cherts (such as have been j^J 
recently found in California) would at any time destroy his ^^^| 
hypothesis as one of universal application. ^^^| 

Bin any case, the apparently regular succession of the 
Palffiozoic rocks in zones round Archsean nuclei is by no 
loeans necessarily to be interpreted as done by Dana. The 
mere fact of the presence of marked unconformities in the 
Palicozoic series is sufficient to prove this. Nor, again, have 
we any definite proof that the presently visible Arcbieaa 
exposures of North America and Europe really do represent 
the nuclei of their respective continents. It is not, indeed, 
likely that they do represent such continental nuclei, for to 
eatablish this view it would be necessary to prove that they 
bad never been deeply submerged in post-Archiean time. 
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We have, however, on the contrary, every reason to believe 
that they have been covered by many thousands of feet of 
marine sediments, which have now been worn away. The 
present exposures, in fact, are probably the result of the 
loDg-continued denudation of great mountain chains — them- 
selves, perhaps, of comparatively recent date; and they do 
not necessarily indicate anything as to the form and trend of 
the original continents. On the other hand, judging from 
the numerous isolated inliers of Archaean rocks in districts 
remote from the main exposures, it seems probable that an 
Archaean platform constitutes everywhere the floor upon 
which the post- Archaean sediments were laid down. 

If we may be permitted to speculate, it would seem prob- 
able that at the commencement of Cambrian time the 
European area was occupied by a shallow ocean, studded 
here and there with larger or smaller masses of Archaean 
land — the condition, in fact, being that of an archipelago. 
We have at present no definite evidence of the existence in 
the European area during Cambrian times of deep-water 
conditions ; but it does not follow that such conditions did 
not exist elsewhere in regions which have not yet been 
thoroughly investigated, or which are concealed beneath the 
waters of our present oceans. Similarly, we have not at 
present definite evidence of the existence during Cambrian 
times of any large mass of continental land in either the 
European or the North American areas. Nevertheless, there 
is every reason for agreeing with Neumayr when he remarks 
C' Erdgeschichte ") that the proof that continents existed in 
Cambrian, and even in Archaean, time is *' so clear and con- 
vincing that it is hardly intelligible how anyone could have 
arrived at a different conclusion." 

There is not, in fact, sufficient evidence at present avail- 
able to compel the acceptance of the sweeping generalisation 
that throughout Palaeozic time the ocean was more uniform 
in depth and temperature than it is at present, and that the 
land-masses were small and distributed throughout an all 
but universal sea. The argument which has been principally 
relied upon in support of this contention, is that the succes- 
sive systems of the older Palaeozoic rocks contain a shallow- 
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iter raunn, in which certaiii types of life have d remarkably 
ide range in space. It must be observed, however, that ' 
BOme of these almost cosmopolitan types, such as the 
Graptolites, were ainiost certainly pelagic organisms. More- 
over, we have now distinct testimony to prove that the older 
Pa'itozoic deposits of our existing continents are not all of 
|lhallow-water origin, as Las been j;euerally asserted. On the 
contrary, we have now definite uvidence that rocks which 
may fairly be compared with the deep-sea deposits of the 
present day form part of various of the older PalsBozoic 
formations in our existing land-masses, and thus mark the 
occurrence of oceanic conditions during these ancient periods 
in the areas now occupied by our continents. 

In the next place, we may consider the argument that the 
geological structure of our existing dry lands shows nothing 
to warrant a belief in anything more than local and partial 
submergences, to slight depths, in our present continental 
areas since the beginning of Cambrian time. In support of 
this argument, it is urged that the continents are mainly 
built up of marine deposits which are either of mechanical 
origin (sands, clays, etc.), and therefore deposited- close to a i 
coast-line, or are of organic origin (iimestones), and were I 
formed in water of moderate depth. It is also urged that 
the marine formations of the continents, of all ages, are 
associated wiih lacustrine, estuarine, or even terrestrial 
deposits, showing that the former were laid down in the 
iiVioinity of land. 

Ifow, so far as these arguments go to prove that the mass of 
the existing dry land is formed of materials which have been 
^accumulated in seas of moderate depth, they may be freely 
accepted, and I do not suppose that any modern geologist 
would dispute them. At the same time, they neither dis- 
prove the past presence of genuine deep-sea conditions in 
areas now occupied by our great land-masses, nor do they 
necessarily prove that subsidence has always been " local " 
or "partial," unless we are to give an exceedingly wide 
significance to these terms. 

Take, for example, the distribution of laud and sea at tha 1 
le of the deposition of the Upper Jurassic liocks, i 
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worked out by Neumayr. It may not be asserted that the 
details of tliis distribution are ia all respects accurate — in 
the nature of the case they cannot be so — but the data 
already in our possession leave little doubt as to the approxi- 
mate general correctness of Neumayr's sketch of the geograpbj 
of the world at this period of geological history. At this 
time tlirte main masBes of continental land appear to have 
existed. One of these — the "Nearctic" continent— repre- 
sented the North America of to-day, but stretohed eastwards 
to Greenland and Iceland. A second — the " Urazilian- 
Ethiopic" continent — embraced almost the whole of South 
America and Africa, being continuous across what is now 
the South Atlantic, and sending up a long north-eastern 
prolongation through Madagascar to become connected with 
Southern India. A third — the " Sind-Australinn" continent 
— included a large tract of South- Eastern Asia, extending 
from Xoithern China through Si»m and the great islands of 
the Indian Archipelago to New Guinea, Australia, and New 
Zealand. In addition to these primary land-masses, a great 
continental island (the " Scandinavian Island ") occupied the 
region of Sweden, Norway, Finland, and adjoining districts; 
and a second (the "Turanian Island") occupied a con- 
siderable area round the Sea of Aral. Lastly, scattered 
islands of various sizes occupied what is now Central and 
Southern Europe. 

Correlative with these changes in the distribution of the 
great land-masses, we find great dilterences in the dis- 
tribution of the marine areas of the Upper Jurassic. The 
Arctic Ocean of this period was enormously extended, 
covering the greater part of Siberia and large portions of 
North-Western America, and being directly and extensively 
continuous wich the Pacific. The deep basin of the South 
Atlantic had no existence, but was occupied by the central 
portion of the Brazilinn-Ethiopic continent. Lastly, the 
present Mediterranean was represented by a great meridional 
"Central Mediterranean" (the "Tethyan Ocean" of some 
geologists), which atretebed across the mid-Atlantic, and 
became continuous with the Pacific to the west, the Carrib- 
bean and Central American areas being now submerged. At 
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same time, the " Central Mediterranean " surrounded tha 
ihipelago of Southern and Central Europe, and sent out 
<l arma into the heait of Asia. One of these arms passed 
th of the " Scandinavian Island " into the Arctic Ocean, 
id a second passed to ihe east of the "Turanian Island" i 
ito the same ocean. A third traversed India south of tha 
ion now occupied by the Himalaya mountains, and 
entered the Indian Ocean. Finally, a wide southern pro- 
longation — the "Ethiopian Mediterranean" — occupied the i 
area between the east coast of Africa and the Indo- Madagascar 
peninsula. 

r This sketch of the distribution of land and sea in Upper 
purassic times, as restored by Nenmayr, exhibits to us a 
-picture enormously different to that shown by our modern 
maps; and it is hard to see in what sense the changes neces- ] 
Bary to bring about such an altered state of matters can be 
reasonably spoken of as " local " or " partial." 

Passing from the Jurassic to the Cretaceous period, we find 
that in the commencement of the latter epoch the European 
area, at any rate, was largely in the condition of dry land, 
with the exception of a few areas covered by extensive 
brackish- water lakes. Towards the close of the Cretaceous 
period, however, marine conditions were again established 
over a large portion of Europe, Thus, at the time of the 
deposition of the White Chalk, or of deposits having imme- 
diate relationships with this, a great part of the European 
area was covered by the waters of a Mediterranean Sen, the 
extent of which may be approximately inferred from the 
mtcrops of the strata in question, llr W. Eraser 
,nme, who has specially studied this problem (" The Oenesis 
the Chalk," Proc. Geol. Assoc, vol. xiii., part 7, 1894), con- 
cludes that as from the western outcrop of the Chalk in 
Antrim " to its eastern exposure at Uralsk, in East Russia, 
is 2000 miles, and from its northern boundaries in Sweden 
and Scotland to its final appearance in the south of Franca, 
near Nice, is not less than 500 miles, it may fairly be pre- ' 
snmed that the Chalk Ocean in Europe covered an area of j 
500,000 square miles." He adds that this calculation ( 
^ia exclusive of any similar deposits in Asia, and ignores tha i 
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Chalk oboenred in the United States, as in the naghbomhood 
of Kansas Cit j.** 

I am not going to enter into the mnch-Texed qnestkm as to 
the oonditions noder which the White Chalk was laid down, 
ift the probable depth of the Cretaceous Meditezranean above 
referred to. It is well known that scHne hi^ antboiities 
regard the Chalk as essentiall j and strictly a shallow-water 
formation, while others have maintained its deep-water 
origin. It seems highly probable that neither of these 
extreme Tiews is correct It is tolerably certain that in 
some regions the C*halk was deposited near a shore-line, whUe 
in others it was laid down in water which may fiurly be 
csUed " deep," though not strictly " abyssal " in depth. Dr 
W. Fraaer Home, who has carried out an elaboxate research 
into the constitation of the Chalk, with a special view to the 
solution of this problem {loc ciL, supra, and Ckemieal and 
Mvcro-Mineraiogieal Rtsearckts on the Upper Creiaeeaus 
Zones of the South of England, 1893), comes to the general 
conclusum that " such evideoce as is forthcoming frmn faunal 
considerations " would point to the deposition of the Chalk in 
" an ocean which, if not abysmal, at least possessed depths 
far exceeding those of many very prominent marine areas." 
He points out that while we have in such regions as France 
and Saxony clear evidence that the Upper Cretaceous rocks 
are of the nature of shallow-water deposits laid down near 
a shore-line, in other regions, as in Sussia, the Chalk is 
essentially calcareous, and has a thickness of sometimes over 
1800 feet, thus indicating very considerable depths of water. 
Hence he concludes that the Cretaceous Mediterranean may, 
like the present sea of that name, have possessed in places 
depths of 1000 fathoms or more. 

Another strildngillnstration of great changes of relative posi- 
tion in the dry land and sea within geologically recent times 
is afforded by the Nummulitic Seriesof the Eocene period. This 
series, as is well known, is essentially calcareous, and, where 
fully developed, consists of several thousands of feet of mas- 
sive limestones of undoubted marine origin. The Xummulitic 
ocean not only occupied the site of the present Mediterranean, 
and covered the lands immediately contiguous to this, both 
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on the uorth and south, but v&b continued throui>lt Southern 1 
Asia to India, Tibet, and China, and even extended to Japan. ] 
The vast area thus indicated is now not only largely in the 
condition of dry land, but is traversed by many lofty 
mountain ranges, such as the Alps. Pyrenees, Carpathians, 
Caucasus, Himalayas, Suleiman Mountains, etc. During 
Eocene times these ranges had no existence, and we have | 
clear evidence that it was not till Miocene times that the ' 
Nummulitic Ocean was lai-gety obliterated, and its sedi- 
mentary deposits elevated to farm continental land, and to 
enter into the composition of the greatest mountain chains 
of Eurasia. 

Now, it certainly seems to me to be somewhat of thf 1 
nature of an abuse of terms to speak of the changes in the 
distribution of land and water just alluded to as occurring 
between the beginning of Upper Jurassic and the close of 
Eocene time, as changes of a " loval" or "partial" kind, i 
to deal with these as if they merely concerned the " fringes" . 
of our present continents. If it is merely meant that the I 
crust- movements necessary to produce these changes were 
"local " and " partial," in the sense that tbey did not aSect 
the entire terrestrial surface, and therefore were not 
" universal," then, doubtless, the use of these terms may be 
logically defended. But those who advocate the doctrine 
of the permanence of the ocean-basina, and to a greater or 
less extent of the continents also, have generally used these 
terms in the same sense as that in which one would employ 
them in speaking of the oscillations of the floor of the 
Temple of Jupiter Serapis, or the littoral changes of level 
in Scandinavia and Greenland. For my part, to take one 
instance only, I cannot see the propriety of speaking of 
the earth-movements which converted the larger part of the 
great Nummulitic ocean into elevated land, bearing some of 
the highest mountain ridges in the world, as being " local." 
Yet these movements took place in a period as modern aa 
the Tertiary, and they constitute but an episode in that 
Lperiod. 
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Slipi-oskd Absknce of Deep-Sea. Pkposits in thk 
Dky Land. 

We come now to what is really the crucial argument in 
the wliole question at issue — namely, the argument that we 
ciiiinot point, in the existing dry lands, to any rocks which 
can he compared to the known deep-sea deposits at present 
in course of formalion; but that, on the contrary, the dry 
lauds are essentially formed of shallow-water deposits of 
clearly terrigenous origin. This view has been forcibly 
expressed by Sir A. Geikie in the 3rd edition of his "Text- 
Book of Geology'," from which I may quote the following 
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" It follows from these conditions of sedimentation that 
representatives of the abysmal dtposits of the central oceans 
are not likely to be met with among the geological formations 
of past times. Thanks to the great work done by the 
' CliaUenger ' Expedition, we know what are the leadinjr 
characters of the accumulations now forming on the deeper 
parts of the oceaii-floor. So far as we jet know, ihey have 
no analogues among the formations of the earth's crust. 
They difl'er, indeed, so entii-ely from any formalion vhich 
geologists have considered to be of deep-water origin, as to 
indicate that from early geological times the present great 
arens of land and sea have remained on the wliole where 
they are, and that the land consists mainly of strata formed 
of terrestrial debris hiid down at successive epochs in the 
surrounding comparatively shallow seas." 

As the views expressed in the above quotation really reach 
the core of ihe whole qiiestion at issue, and as I am unable 
to accept them as representing our actual knowledge on the 
subject, I may be allowed to treat the point with a little 
detail. In the first place, however, let me remind you what 
are the characteristic deep-water deposits of the present 
day, as brought out by the researches of the oflicials of the 
"Challenger" Expedition and others. In the deepest abysses 
of tlie ocean we meet with variously coloured impalpable mnds 
— often spoken of as "red clays" — produced by thedecomjKisi- 
tion of volcanic materials (ashes and scoriie), and containing 
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lOdules of manganese and occasionally coaiuical dust. Tlien, j 

water of somewhat less depth we find " Radiolarian Oozt 
composed priDcipally of the flinty cases of Eadiolariana, and i 
remarkably free from calcareous matter, Again, in depths 
still less profound, we meet with the well-known Foramini- 
feral Mud, known to all under the name of "Globigeriua i 






These are the three most characteristic deposits of the] 
ip waters of our present oceans, and while not prepared 1 
admit that the deep-water deposits of pa^t geological ages 
lUst neccsaarili/ have been always of the same character, I 
willing to take that assumption as the busis of argumenti 
and I shall endeavour to show that we have in the existing 
dry lauds deposits in all essential respects similar to these i 
is structure aud character, and, therefore, clearly similar I 
In their origin. 

There is, however, one consideration which it is most 
important to bear in mind as preliminary to an impartial 
approach to this problem. The consideration U) which I 
allude is that true deep-sea deposits must, from the nature 
the case, be formed with exceeding slowness, and that, aa 
rule, they are not likely to attain a very great thickness. 
a proof of the extraordinary slowness with which deep- 
deposits are often accumulated, we may take the well- 
Lnown fact that the " red clays " oE the abysses of our modern 
are often charged with the teeth of Tertiary Sharks 
^■archarodon). As the di'edge, at most, but sweeps up a few ' 
shea of the mud over which it moves, we must conclude i 
lat the total thickness of the deposits laid down, in the 
sas examined, in these great depths from the earlier part of 1 
tertiary time to the present day can hardly exceed a few 

it, and in later Tertiary time not more than a foot. Hence, ' 
mder no circumstances, could deep-sea deposits form mora 
quite insignificant element of the earth's crust, 
as regards extent and thickness, in comparison with the i 
deposits of shallow water. Fur the same reason, a few I 
inches of a deep-water deposit might corres^xind chronologic- 
lly with many thousands of feet of coarse mechanical 
low-water accumulations in some other region. More- | 
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over, unless the circumstances conducing to its preservation 
were exceptionally favourable, we could not expect to find 
a deep-sea deposit in the present dry land occupying more 
than a very limited area. 

The above reasons render it certain that any record that 
we may have of the deep-sea deposits of past geological ages 
in our present lands must be of an extremely fragmentary 
description. Nevertheless, recent researches have shown 
that the argument in favour of the permanence of the deep 
ocean-basins, founded upon the supposed absence in the 
dry lands of any deposits comparable with the modern deep- 
sea muds, is not supported by the actual facts of the case. 
On the contrary, we know now of a considerable number 
of stratified deposits — varying in age from the Ordovician, 
or perhaps some still older period, to the late Tertiary — 
which may, with more or less of certainty, be regarded as 
of deep-water origin; and these bulk as largely in the 
geological series as, from their mode of formation, they could 
reasonably be expected to do. 

For my present purpose it will be sufiBcient to restrict my 
remarks on this point principally to those deposits in the 
dry lands which admit of comparison with the Sadiolarian 
ooze of the modern deep seas. The occurrence of fossil 
liadiolarians in late Tertiary deposits, such as the " Barbados 
Earth," has been known since the time of Ehrenberg. At 
a later period, the presence of Badiolarians in rocks of 
Cretaceous age was shown by Zittel {Zeitschr. d. deutsch. GeoL 
GesdL, 187&); and Dunikowski demonstrated the existence 
of organisms belonging to the same group in the Lower 
Lias of Germany {Denksehr, d, k, Akad. d. Wiss, Wien, 1882). 
It is, however, essentially to Etist that we owe the discovery 
that various jaspers, cherts, and other siliceous rocks of 
different geological ages are truly of the nature of fossil 
Badiolarian oozes. This was fully established by Etist in 
his "Memoir on Jurassic Eadiolarians " {PcUceontographica, 
1885); and the same observer also recognised the occurrence 
of similar Eadiolarian deposits in rocks of Palaeozoic age, 
though I am not aware that his researches on this subject 
have yet been published. The first observer, however, to 
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actuiilly publish to the world the discovery of Ifadiolariana 
in Palsaozoic deposits was Eotlipletz, who showed that in 
unquestionable Silurian rocks in Saxonj there occurred 
cerlaiu cherts or "lydites" charged with the remains of 
Itadiolariaas {ZtUsehr. d. dtutsck. Geol. GesdL, 1880). The 
cherts in question are associated with tuffs and diabases, the 
latter showing a chiiracterialic and peculiar "spheroidal" 
structure. KoUipletz further poiuted out that cherts of a 
very similar character occurred in the Oi-dovician series of 
the same region, though he was not able to demonstrate the 
actual presence of the tests of Kadiolartans in these. 

The occurrence of beds of Radiolarian chert in the 
Ordoviciaa series of the southern uplands of Scodand was, 
I think, first noted by myself {Traiis. Edin. Geol. Soc., vol. vi., 
p. 56, 1890) ; and a detailed account of the forms present in 
these deposits was given by my friend Br Hinde, in the 
same year (Anji. an<i Ma;/. Nat. Hist., 1890). The liadiolarian 
cherts in question are most extensively developed in Lanark- 
shire, though they seem to be present over a large area in 
the south of Scotland ; and the most important beds occupy 
a definite zone near the summit of the Glenklln series. 
There are, however, other bauds (as in Uobb's Linn and at 
Kartfell), which appear to be placed at higher horizons. As 
seen in Lanarkshire, the liadiolarian cherts are accompanied 
by red and green mudstones, which forcibly recall to our 
minds the red or coloured muds of modern deep-sea deposits. 
They are also associated with basic lavas, which show the 
peculiar " spheroidal " structure above referred to. Dr 
Hinde (pp. dt.) points out that the Itadiolarians of these 
ancieut deposits " do not differ in any striking respect from ilie 
existing forms of the group ; " and he finally concludes that 
" this Ordovician chert may, therefore, be fairly considered 
to be due to the accumulation of the tests of Kadiolariaus, 
and is thus a pure Kadiolariau rock, equally as much as the 
Tertiary beds of Barbados and the Kicobar Islands, which, 
according to Ilitckel, correspond to the recent Itadiolarian 
ooze, and 'are certainly of deep-sea origin, liaving probably 
been deposited at depths greater than 2000 fathoms.' " In 
this conclusion I fully concur ; and I may mention that Dr 
VOL. XIII. B 
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"RvLSt, to whom I had sent specimens, wrote to me in reply 
saying that he saw no reason to doubt that the rock was a 
genuine Badiolarian ooze. 

It may be objected here that the association of these 
Badiolarian cherts with beds containing Graptolites would 
go to show that the former cannot be of deep-water origin. 
Apart, however, from the fact that we know of no case in 
which a "pure" Badiolarian deposit has been formed in 
shallow water, it may well be contended that the association 
with Oraptolitic beds is really an additional corroboration 
of the view that these Ordovician cherts are deep-water 
accumulations. All the facts which we know about 
Oraptolites would lead us to believe that the normal forms 
of the group, at any rate, were essentially pelagic orgamsms. 
It is only upon this supposition that we can rationally ex- 
plain the well-known facts as to the restriction of particular 
species of Oraptolites to special, and often exceedingly thin 
zones of rock, and the extraordinarily wide dififusion of 
particular types of the group in beds (often of very limited 
thickness) at identical horizons over areas often geographic- 
ally very remote. This argument is, of course, quite 
unaffected by the occasional occurrence of Oraptolites in 
rocks of undoubted shallow-water origin, since pelagic 
organisms may be, and often are, driven into the vicinity of 
land by currents or winds. Apart from Graptolites, the only 
organisms found in the beds directly associated with the 
Ordovician cherts under consideration are a few minute 
Brachiopods and some small Crustaceans belonging to the 
order of the PfayUocarida ; and both of these may well have 
inhabited deep water. 

It might, in fact, be contended with considerable prob- 
ability that a distinctively Oraptolitiferous series, such 
as the "Moffat series" of the south of Scotland, or the 
" Stockdale series " of the north of England, is essentially 
a deep-water deposit— even though it were not associated 
with Badiolarian cherts. It is all but certain, as above said, 
that the majority of the Oraptolites were pelagic organisms, 
and that their remains are therefore most likely to be 
found in deep-water deposits; though, under suitable 
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circn instances, lliey may have been pieserveci in rocks of 1 
shallow-water origin. It is, also, a well-knowa fact that in : 
distinctively Gntptolitiferoua beds very few organisms bo- ' 
longing to groaps other than the Qraptolites occur, and 
none of these are characteristic shallow-water types. Over ^ 
and above this, we find Graptolitic beds very commonly 
associated with rocks which, from their lithological nature, 
strongly surest a deep-water origiD. I do not allude now 
to the Gadiolariau cherts, but to such rocks as the bands of 
pale gi'een mudstone associated with the " Skelgill Bods " 
of the north of England, the " Pale Slates," red or green in 
colour, of the " Browgill series " of the same area, and the 
grey or drab " Barren Mudstoncs " of the Ordovician rocks 
of the south of Scotland, All these are exceedingly fine- 
grained green, grey, or red muds, made up chiefly of de- 
composed volcanic material, often exhibiting atainings or 
dendrites of manganese, and nearly or quite uufossiliferoua. 
The few fossils which they are known to contain are very 
small Brachiopods. It does not seem an unreasonable 
conclusion that these beds correspond with the "' red clays" 
of modern deep seas; and this conclusion is rendered the 
more probable by the extraordinary persistence over large 
areas of even tliiu bands of the deposits in question. That 
auch hands, occupyiug persistently a given pataiontological 
horizon, must have been deposited with extreme slowness, 
hardly needs to be insisted upon ; and each, though itself but 
a few inches thick, may represent a time equal to that 
required for the deposition elsewhere of hundreds of feet 
of coarse mechanical sediments. 

Tbat the occurrence of liadiolarian cherts in rocks of 
older Palteozoio age is not an isolated phenomenon is shown 
by the discovery of similar beds in the ancient rocks of 
Mullion Island in Cornwall, by Mr Howard Fox and Mr 
Teall (Quart. Jour. Geot. Soc., vol. xlix,, p. 199, 1893), 
These cherts are in many respects similar to tlie Eadiolarian 
cherts of Lanarkshire ; and though, owing to the absence of 
other fossils than Itadiolarians, the evidence as to their age 
is not conclusive, there u reason to think that they are of 
about the same horizon as the latter, and are of Ordovician 
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age. It is interesting to note that the Radiolartaii cherts 
of MullJon Island, like those of Saxony aud Lanarkshire, 
are associated with " greenstones," having a chanicteristic 
"spheroidal" structure; and Mr Teoll even throws out thu 
suggestion that this peculiiir structure may perliaps be 
"characteristic of suhtnariue and possibly deep-sea lavas" 
(" On Greenstones associated with Kadiolarian Cherts," 
Traru, Roy. Geol. Soc. of Cornwall, 1894). 

Barrois, again, has recently announced the discovery of 
Radiolorian cherts in strata of supposed pre-Cambrian age 
in Brittany (C&mptts Rend. Acad. Sci., vol. cxv., p. 326, 1892), 
There can, therefore, be no doubt as to the wide distribution 
of these deep-sea cherts in the early Palaiozoic rocks of the 
European area ; and there is the absolute certainty tliat, now 
attention has been directed to the point, further investiga- 
tions will show that these peculiar deposits have in reality 
a much more extended range than would a few years ago 
have been believed. We arrive thus at the conclusion that, 
so far from the seas of the Ordovician period having been 
uniformly shallow, true deep-water conditions prevailed 
during some portion of this epoch, over, at any rale, an 
extensive area in Europe. It does not seem to me possible 
to evade this conclusion, except by the adoption of the 
wholly illogical position that the l^diolarian oozes of the 
existing oceans are of deep-water origin, but that, as it is 
believed that the dry land is wholly made up of shallow- 
water deposits, therefore all Kadiolarian deposits occurring 
in the dry land — however similar to those of the present 
day — must, ex hypothtsi, be also of shallow-water origin. 

Leaving the Ordovician and earlier periods, Itothpletz has 
shown the occurrence of lUdiolarians in the Silurian {loe. cit., 
supra), and Biist has proved that characteristic Kadiolarian 
cherts occur in the Devonian and Carboniferous rocks of 
Europe ; while, as before said, we have ample proof of the 
existence of Kadiolarian deposits in the Mesozoic series. It 
is, however, in the latter portion of the Tertiary period that 
ve find these Kadiolarian deposits most largely developed 
and most unequivocal in character. Such deposits occur in 
the Tertiaries of various parts of Southern Europe, in the 
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of Africa, in the Nicobar Islands, in Australia and 
iw Zealand, and in the West Indies ; while further re- 
.rcbes will doubtless show that their occurrence is much 
more cominoii than has been hitherto supposed. So far, 
therefore, from its being true that we have no evidence in 
our existiug dry lands of any deposits similar to these now 
being laid down in the abysses of the deep sea, we have 
ample proof of the presence of such deposits in the Tertiary 
rocks, at poiuts scattered almost all over the globe. As I 
said before, the only escape from this conclusion is to assert 
that while all the known post-Tertiary liadiolarian oozes are 
of rfw^-aea origin, all the Tertiary and pre-Tertiary Radio- 
larian oozes are shown, by the simple fact of their occurrence 
in the dry land, to be of skidlow-v&teT origin, There is, 
however, one case in which we have in the dry land — in the 
island of Barbados — an almost complete aeries of deposits 
similar to those now being [aid down in our deep oceans; 
and I shall ask your attention more especially to this, 
because it has been carefully worked out by Messrs Jukes- 
wne and Harrison {Qttari. Jour. Geol. Soc, voL xlviii., 
170, 1892). 

These highly competent observers have shown that the 
imeot-beds of Barbados are sandstones and limestonea 
Tertiary {Miocene or I'liocene) age. These beds {iho 
led " Scotland formation ") are iinconformahly overlaid 
3f " oceanic " or deep-water deposits (marls, 
Ik, etc.), which may reach a thickness of 2000 feet, and 
ich are, in turn, UTKonformahly overlaid by a coralline 
ftnestone (an elevated coral reef). The Tertiary basement 
beds must have been deposited in shallow water near a 
shore-line ; and their deposition was followed by elevation of 
the sea-door into dry land, the beds being flexured and 
fractured in the process. This probably occurred in late 
Tertiary time. Sulisidence then set in, the basement-beds 
undergoing in the process much denudation, and being 
planed down to an approximately level surface. This sub- 
•aidence must have gone on till true deep-sea conditions were 
~ iblished— a depth of about 2000 fathoms, at least, being 
led — aa ia shown by the nature of the remarkable 
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deposits which lie discordantly od the truncated edges of 
the "Scotland" beds. These so-called "oceanic deposits," 
speaking generally, consist of — 

(a) Chalky limestones, composed of the tests of Foramini- 
fera, and representing the " Globigerina ooze " of our modem 
oceans. 

(6) Siliceous earths (" Barbados earth "), composed of the 
tests of Badiolarians and Diatoms, together with Sponge- 
spicules, associated with bands of volcanic ashes. This 
series — as fully admitted by Ha&ckel — is in all respects 
comparable with the " Badiolarian muds " of our modem 
deep seas. 

(c) A second series of Foraminiferal limestones. 

(d) Very finely levigated clays, coloured, mottled, or 
white, which represent the "red clays" of the abysses of 
our existing oceans. 

At the close of the deposition of the " Oceanic series " just 
described, elevation again set in, the newly formed deposits 
undergoing denudation in the process. Progressive elevation 
of the sea-floor continued till a depth of thirty to forty 
fathoms was reached, when reef- building corals began to 
flourish, and the conditions must for a time have been 
sufiiciently stable to allow of the formation of extensive 
coral-reefs. Elevation again set in, however, and the reefs 
were ultimately raised to a height of about 1000 feet above 
the present sea-level; thus forming a capping of coralline 
limestones, resting unconformaUy upon the " Oceanic series" 
to a thickness of 150 to 200 feet over about six-sevenths of 
the entire area of the island. This final elevation undoubtedly 
took place in the Pleistocene period. 

The sequence of events indicated by the successive deposits 
of Barbados is too clear to admit of misinterpretation. 
Beyond reasonable doubt, the "Oceanic deposits" are a series 
of deep-sea muds, in all eseential respects comparable with 
the Globigerina mud, the Kadiolarian ooze, and the abyssal 
days of our existing deep seas. They were probably laid 
down in water of at least 2000 fathoms in depth. This con- 
clusion is not only supported by the characters of the 
liadiolarians, as elucidated by Ha^ckel, but is further borne 
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out by Hie discovery by Dr J. W. Gregory, in the Radiolarian 
marl, of a true deep-sea Urchin, a species of Cydechinua, the 
lew modem forma of this genus inhabiting water of from 
1000 to 20OO fathoms in depth (QuaW. Jour. Geol. Soc., 
vol xlv., p. 640, 1889). 

Others of the West Indian Islands have been shown to 
contain deposits similar to those of Barbados. We are, , 
therefore, justified in concluding that in the West Indiaa 
region we have an area which in late Tertiary times was 
covered by a truly " deep " sea, in the strictest sense of this 
teTTD, but which has undergone elevation within Quaternary 

ne, and is now partially in the condition of dry laud. 

We have thus a clear and undeniable instance of the 

currence of genuine deep-sea deposits forming a portion of 
'onr existing dry land; and this fact appears to me to be 
impossible of reconciliation with the doctrine of " the per- 
manence of the ocean -basins." It is a case in which a single 
positive proof, even if it stood absolutely alone, outweighs 
any accumulation of merely negative evidence; since the 
essence of the theory in question is that ju» deep-sea iloor 
has been raised above the level of the sea since the begin- 
ning of Cambrian time, and that, tlierefore, we cannot have 
any deep-sea deposits in any portion of our existing dry 
lands. It may be added, however, that, as a matter of fact, 
the case of Barbados does not stand alone. We have already 
evidence of a very similar sequence of phenomena in other 
regions (as, for example, in the Solomon Islands); and we 
have every reason to believe all the known Radiolariau 
deposits of Tertiary age mark the position of former deep ^^1 
seas, while we may extend this conclusion with great con- ^^H 
fidence to the Radiolariau cherts of much more ancient ^^H 
geological periods. ^^H 

It may he added, finally, that it is quite probable that ^^H 
there are other rock-formations in the dry lands, apart from ^^H 
lladiolarian oozes, or rocks representing the abyssal clays, ^^^ 
which are really of deep-water origin. Though the Radio- 
larian muds and abyssal clays are the most characteristic 
^^Leep-eea deposits of the present day, it does not in the least ^^J 
^HUow that corresponding deposits must always have been ^^M 
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laid down in the deep sea. We have, for instance, no 
positive ground for supposing that the abundant presence of 
manganese is an absolutely essential character of the waters 
of the deep sea ; and we know, for certain, that sharks have 
not always existed, and that the presence of the teeth of 
shark-like fishes is assuredly not to be looked for as a con- 
stant feature in deep-sea muds. Thus, Neumayr has pointed 
out that in the Upper Jurassic series of the Alps and Car- 
pathians there exists over large areas a white or light grej 
limestone associated with homstones (? Radiolarian cherts), 
which contains hardly any other fossils than the so-called 
" Aptychi'* of Ammonites; while the shells of the Ammonites 
themselves are, as a rule, wanting. Associated with these 
limestones in places are red clays richly charged with Aptyeki. 
Neumayr regards the whole series as of deep-water origin, 
and compares the red clays with Aptychi to the modem red 
clays with Carcharodon teeth. He also regards as of deep- 
water origin a red limestone with Ammonites which occurs 
in the Trias and Jurassic series of the Alps, and which in 
places contains small nodules of manganese (** Erdffeschiehte," 
p. 364). He suggests, moreover, that the red "Orthoceras 
limestone" of the Ordovician series of Northern Europe 
may likewise be of deep-water origin. 

Geological Structure of Oceanic Islands. 

I have dealt in some detail with the assertion that no 
deposits analogous to the deep-sea deposits of the present 
day occur in the present dry lands, because I regard this as 
embodying the one fundamental argument which can be 
brought forward in favour of the doctrine of the " perman- 
ence of the ocean-basins." The few remaining arguments in 
favour of the same doctrine I must pass over with very 
scanty notice. One of the most important of these is based 
on the assertion that " oceanic " islands, and particularly the 
smaller ones which rise out of the deeper and larger oceans, 
are not formed of crystalline or sedimentary rocks, as they 
would probably be if they were the surviving peaks of a 
submerged continent, but that they are either volcanic in 
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origin or are formed of coral. This argument would un- 
doubtedly carry considerable weight, if it could be shown to 
be universally true ; but it is far too sweeping, and is not 
borne out by the actual facts. Of many oceanic islands the 
jjeological structure is still unknown ; and of those which 
iiave been examined by competent geologists, a fair number 
have been shown to have a core or nucleus of sedimentary 
or crystalline rocks, and thus to be fragments of larger land- 
masses now submerged. The archipelago of South Georgia, 
the Seychelles Islands, Kew Caledonia, and Barbados are 
cases in point. Of course, if it is made part of the dcfinitum 
of an " oceanic island " that it shall not contain any crystal- 
line or sedimentary rocks, then the argument will bold good; 
because when you find an island otherwise complying with 
the necessary conditions, but departing from them in this 
point, then you simply assert that it is not an "oceanic 
island." It is also to be remembered in this connection, that 
the fact of an oceanic island being composed of volcanic 
materials in no way proves that it can not be part of an old 
land; it merely proves that it may not be so. 
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.ELATivE Movements or Ocean-Basins and Contimbnts. 

Another argument in favour of the doctrine of the per- 
manence of the ocean-basins is that the disappearance of an 
entire continent by sinking would not give rise to the 
appeai'ance of a new continent in a neighbouring ocean, since 
the mean height of the existing continents is only 2250 feeti, 
whereas the mean depth of the ocean is 12,000 feet The 
boaia for this argument is the assumption that "on any large 
scale, elevation and subsidence must nearly balance one 
another, and thus, in order that any area of continental 
magnitude should rise from the ocean-lloor . . . some 
corresponding area must sink to a like amount" {Wallace, 
Natural Science, vol. i., Aug. 1892), 

It is quite true, as insisted upon by Lapworth, that the 
processes which give rise to continents and oceau-basins are 
in so far that they are parts of a single process. 

ith are primarily the result of the folding of >.>■» earth's 
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crust under the tangential stress caused by progressive radial 
contraction, and the one is complementary to the other. 
Each continent is the arched ridge of a primary earth-fold, 
while the contiguous ocean is the complementary trough of 
the same — so that the formation of the one implies the 
formation of the other. But there is nevertheless — as 
pointed out by Suess {Natural Science, vol. ii, 1893) — a 
marked difference between the types of movement to which 
continents and ocean-basins respectively owe their existence. 
The continents are essentially the result of the ridging up of 
a portion of the earth's crust in a series of parallel folds. On 
the other hand, the ocean-basins are the result of the settling 
down ("sagging down " or " effondrement ") of larger or smaller 
areas, more or less as a whole. " The descent of a con- 
siderable area, forming a large new depression, demands a 
certain part of the existing volume of oceanic waters for the 
filling of the new depth. The consequence is, the sinking of 
the oceanic surface all over the planet, and the apparent step^ 
like rising of coaM-lines. Thus is explained the apparently 
episodic elevation of whole continents, without any disturb- 
ance of horizontality, or the least alteration of the net of 
water-courses spread over the land. It is in this sense alone 
that a certain balance of ' elevation ' and ' subsidence ' might 
be conceded " (Suess, op, dt, supra). Without pursuing this 
argument further, it is sufficient to point out that, owing to 
the different nature of the movements by which continents 
and ocean-basins are respectively produced, we cannot 
assume, with Mr Wallace, that " on any large scale elevation 
and subsidence must nearly balance one another." If it be 
admitted that the ridging up of a continent is accompsmied 
by the " sagging down " of a contiguous area, it would seem 
tolerably certain that the subsidence of a continent would 
cause the ridging up of a neighbouring ocean-basin ; and we 
have no grounds for assuming that the two processes would 
exactly balance one another. On the contrary, there are 
strong grounds for believing that in two contiguous areas 
undergoing relative displacement, the amount of the folding 
and ridging up of the one would be much greater than the 
" sagging down " of the other. 
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In the (iifference in the type of mnvement to which con- 
■.'iineiits and ocean-hasins respectively owe their formation, J 
we may, further, find au explanation of the fact that the ] 
ocean-floora are comparativply level, whereas the continentB J 
have been subjected to much fracturing and folding. Thia is j 
readily intelligible on the view thnt the former are the result I 
of the slow descent of latter or amaller parts of the earth'a | 
orust as a whole towards the centre, whereas the latter have j 
been mainly produced hy crumpling of the crust. Hence J 
this fact cannot be regarded as offering any special support ] 
to the doctrine of the " permanence of the ocean-basins." 



^^ ocet 

^Hjpni 
^■«hi 



E 



W The Significance of Unconformities. 

Another argument which has been used in support of the 1 
doctrine in question is based upon the asserted " remarkable j 
parallelism and completeness of the series of geological j 
formations in all the best known continents and continental | 
ialands, indicating that none of tliem have risen from the j 
ocean-floor during any portion of known geological history, a 
iclusion enforced by the absence from any of them of that 
ineral deposit of oceanic ooze at some definite horizon, 
ivhich would be at once the result and proof of any such 
tremendous episode in their past history " (Wallace, Noliiral i 
Science, vol. i., p. 425, 1894). It appears to me that the j 
&8t portion of the above-quoted passage involves a proposi- J 
ion conspicuously at variance with geological facts. So far I 
im it being the case that the best known continents and I 
''continental islands exhibit a remarkable " completeness " of j 
the aeries of geological formntions, we know of no country in [ 
the world where we could find such a complete series. The j 
" geological record " is notoriously imperfect and incomplete, I 
Everywhere we are confronted, at one horizon or another,. , 
with gaps in the series, marked by the existence of an uncon- I 
formity. Some unconformities are quite local, but others are 
more or less general, and each indicates a period in which a 
pre-esisting ocean-floor was elevated to form dry land, and 
which no marine sediments were laid down in that J 
iiticular region. With regard to the second portion of thej 
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passage above referred to, it is enough to point out that the 
occurrence of a ''general deposit of oceanic ooze at aome 
definite horizon " in our existing dry lands is a thing which, 
from the nature of the case, can never be looked for, and that 
the absence of such a deposit therefore proves nothing. I 
have endeavoured to show that we have oceanic deposits in 
the dry lands, and that, if admitted, is all that is necessary. 

Conclusion. 

1 feel that I owe you an apology for having taken you 
over ground so well-worn and so familiar. Upon the whole, 
I am convinced that the geological evidence at present in 
our hands is sufficient to negative the doctrine of " the per- 
manence of the ocean-basins " as a general theory, and I am 
confident that in the progress of time this evidence will be 
largely augmented. As it is, I think we are fully warranted 
in believing that portions of what are now masses of dry 
land have at one time constituted parts of the floor of a deep 
ocean, and have been covered by water of from 1000 to 3000 
fathoms in depth. We have also much evidence to show 
that areas now occupied by broad and deep expanses of 
ocean have been once in the condition of dry land. The 
evidence in favour of this latter proposition is largely based 
upon considerations drawn from the geographical distribution 
of animals and plants, and I have purposely refrained from 
entering into this branch of the subject Not only would it 
have greatly lengthened this address — already unduly pro- 
longed — but the bearings of the distribution of living beings 
upon the doctrine here in question have been very fully, and 
most ably, discussed by Dr W. T. Blanford in the Anniversary 
Address to the (Geological Society of London for the year 
1890. 

There is, however, one broad consideration based on the 
ascertained facts of Palax)ntology, to which I must allude for 
a moment. One of the great stumbling-blocks to evolutionists 
has always been the presence of great gaps in the palseonto- 
logical record, and the sudden appearance of large groups of 
animals or plants without any traces, or but slight traces, of 
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pre-existent rorma of a similar type. The one rational 
explauatioQ of this difiicullj ia to be I'otiud in tlie supposi- 
tion that the dry lands and ocean-haains have been capable 
of chauging places at different periods of geological history. 
What, for example, are the two greatest biological pheno- 
mena which characterise the close of the Mesozoic and 
the commencement of the Kainozoic period ? One rf 
these is the apparently sudden appearance of an extensive 
Dicotyledonous flora in the Upper CrotaceouB, and the 
other is the equally unheralded appatitiou of the numerous, 
lai^e, and highly differentiated Eocene mammals in succes- 
sion to the small and generalised quadrupeds of the Mesozoic 
tepoch. These enormous biological changes did not take 
place simultaneously, or exactly at the same point of 
geological time; and we are still without any reasonable 
explanatiou of them, other than that proposed nearly a 
quarter of a century ago by Professor Huxley (Amiiv. Add, 
Geol. Soc. Lond., 1870), namely, that in sucli cases the early 
developmental stages of these apparently suddenly appearing 
groups had been passed in some lost continent now buried 
tteneath the ocean. In the case of the Eocene mammals, 
'rofesaor Huxley su^ested the North Pacific as a probable 
for such a lost continent. In the case of the Cretaceous 
Dicotyledons, it seems not improbable that a great antarctic 
continent may, aa suggested by Blanford, have served as an 
ancestral home. As supporting this view, we not only Lave 
the strong evidence which has been brought forward by Dr 
H. 0, Forbes as to the former existence of a great antarctic 
continent (vol. iii. of Supplementary Papers of the Royal 
Oeofjraphical Society, 1893), but we also have the combined 
opinion of Professors Haddon, Sollas, and Cole, that " as our 
knowledge grows, we the more distinctly see in Australia 
and its islands the ruins of a great southern continent, 
fractured and submerged, possibly during the great Alpine- 
Himalayan revolutions, and now in process of resurgence, aa 
the vast folds of the earth's crust roll slowly inward upon 
the central continental mass " {Trans. Roy. Irish, Acad., vol, 
iXzx^ part xi.). 
^ In conclusion, I have only to thauk you once more, 
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gentlemen, for the honour which you conferred upon me in 
electing me to the position of your President, a position 
which I now hand over to my successor. I wish also to take 
this opportunity of expressing my grateful sense of the 
friendly indulgence which I have received at your hands, 
and of the assistance which has been freely given to me by 
the officers of the Society during my term of office. 



I. Note on the SolubUUy of Oypsum in Solutions of Sodium 
Chloride. By T. Cuthbbkt Day, F.C.S. 

(Read 19th December 1894.) 

It has been long known that water containing sodium 
chloride is capable of taking up a considerable quantity of 
gypsum (S04Ga.20Hs) into solution, probably owing to a 
certain amount of double decomposition taking place 
between the two salts. 

The question is one of considerable importance from a 
geological point of view, and a knowledge of the degree 
of action of solutions of sodium chloride of various strengths 
would aid our conception of the power of this agent in 
removing gypsum as it occurs in geological formations to 
which it has access. 

I have consulted the following authorities on the subject, 
but the information I have been able to obtain is rather 
meagre : — 

Thorpe's "Applied Chemistry," vol. i., states that "Gypsum 
is very slightly soluble in water, the solubility is increased 
by the presence of the chlorides of ammonium and sodium, 
hence its presence in salt springs." 

Eoscoe and Schorlemmer, vol. iii. : " 1000 parts of 
water dissolve at 0^ C. 205, at SS*" C. 2*54, and at 100** C. 
less than 2 parts of gypsum. In presence of common 
salt gypsum is more readily soluble. According to Anton, 
1000 parts of a saturated solution of common salt dissolve 
8*2 parts of gypsum." 

Watt's "Dictionary of Chemistry," vol. v., old edition: 
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"According to Lassaigne, 1 part of gypsum dissolves in 
332 parts water at any temperature, but according to 
Poggiale the solubility ia greatest at 35° C, 1 part of the 
salt dissolving, at that teniperatitre, in 393 parts of water, 
at 0° C. in 488 parts, and at 100° C. in 460 parts. The 
solubility is increased by the presence of common salt, lieiic« 
the occurrence of gypsum in salt springs." 

I thought it would be of interest to supplement the above 
information by a few careful experiments on the solubility 
of gypsum in solutions of common salt of various strengths, 
and I now have the pleasure of laying the results before you. 

CrtmMts S0tCa.20/fi Solubility of Gypsum 

IN Solutions of Sodium CHLORroE. ATl8-3fC. 
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The results are given in grammes of calcium sulphate 
(S04Ca.20Hj) taken np by digesting with solutions of 
sodium chloride in distilled water of etrengttis varying from 
1 per cent, to 10 and 15 per cent. 

The method of experiment was as follows :— 150 cc. of 
a solution of common salt of the required strength was 
prepared at 15°5 C. Two grammes of artificially prepared 
pure gypsum, of the composition S0«Ca.20Hj, waa weighed 
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out into a flask, and the solution of common salt poured 
on to it. The whole was digested for four days at a 
constant temperature of IS^'S C, with occasional stirring. 
The solution was then filtered through a dry filter, and 
100 c.c taken at IS'^'S C. for estimation of the lime in 
solution. The determination was effected in the usual way 
by precipitation with ammonium oxalate, and the pre- 
cipitate, after drying, was ignited in a platinum crucible 
over the blow-pipe till it ceased to lose weight, and was 
weighed as pure lime, CaO. The weight of lime so obtained 
was calculated back to calcium sulphate, S04Ca.20Hf. 
The following table summarises the results obtained, which 
have been confirmed by duplicate experiments. I also 
append a curve, which shows more clearly than the figures 
the progressive increase in the solubility of gypsum as the 
solution of common salt is strengthened : — 

Solubility of Oypsum (S04Ca.20H2) in Solutions of Conimofi 

Salt (NaCl). 



Strength 


ofNaCl 


Onmmrs of SOiCt.SOHt 


Solution. 


in 100 cc Solotion. 


1 per 


cent. 


•4380 


2 „ 


)i 


•5403 


3 „ 


» 


•6244 


4 „ 


»» 


•6960 


5 „ 


»> 


•7464 


6 „ 


ri 


•8081 


7 „ 


n 


•8360 


8 „ 


ft 


•8711 


9 .. 


It 


•8944 


10 „ 


*i 


•9079 


15 , 


If 


•9310 


Pure water, 


•2616 



It will be observed that a solution of common salt of about 
the same strength as sea-water, i,e., 3 per cent., increases the 
solubility of gypsum nearly threefold, and that above 8 per 
cent, the increase in the solubility is only trifling. 
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i River Temperature. Part II. 77te Temperature* of the 
Niie compared with UuU of other r/rcat Rivers. By H. 
B. Gdppy, MB., F.K,S.E. 



r River '. 
Nile 6 
B. Gd: 
(livHdletli Jnnnarj iS95.) 

From the considerable number of disconnected observa- 
tions on tlie temperature of the Nile, wliich have been 
already published, it might be inferred that we ought to be 
well acquainted with the thermal behaviour of this famous 
river. Such, however, is not the case ; and in fact, as far as 
I am aware, few if any persons have endeavoured to put the 
data into form. In this paper I have attempted this task, 
not without misgiving, as the subject is one of much com- 
plexity. A previous study of other great rivers, at length led 
me to hope that, by the free employment of tlie comparative 
method, I might be able to distinguish the peculiar features 
in the temperature of the great river of Egypt Fortunately 
in this end I have been much assisted by the large number 
of observations to be found in the Journal of Robert Hay, 
which exists in manuscript in the British Museum.^ 

The first reference to the temperature of the Nile that has 
come under my notice is to be found in the "Phavaalia" 
(x. 275), when Lucan is alluding to the visit of the emissaries 
of Alexander to Egypt. "Nilum videre calentem," he 
observes, yet we are in doubt whether to attribute the 
epithet to poetic fancy or to the exigencies of the metre. 
The Nile, however, is not a warm river. In truth, when we 
reflect on its numerous opportunities of acquiring a high 
temperature, this river is remarkable for its coolness. 

Amongst the earliest investigators of its temperature was 
M. Coutelle, a French savant, one of the many distinguished 
men of science who accompanied Napoleon in his Egyptian 
expedition between 1799 and 1801. His observations were 
confined to a few weeks in the summer at Phihe ; but they are 
only incidentally mentioned in liia meteorological tables given 

> The FaliieQlicit icsle u used tbroughout tJiiB paper. 

i to ilepoiit in the libiBry of the Royal Phyaii^al Society, Ediii- 
Btl, ■ copy of these mctcorologiual ohseTTatioDS ib Tut aa they are con- 
d with the river teni|"orature, 
rVOi. Xlll. 
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in the "Description de TlSgypte." Between 1826 and 1833 
Mr Robert Hay, an artist and an Egyptologist, possessed of a 
good fortune and abundant energy, made a large number of 
meteorological observations during his long sojourns on the 
Nile between Cairo and Abu Simbel. Those relating to the 
river were confined to the period between May 1830 and 
February 1832, and included two summers and one winter. 
In the first summer they were taken regularly at sunrise or 
at 6 A.M., and at sunset, about the best hours he could have 
selected for the purpose ; and on this account alone they are 
valuable for determining the amount of the daily fluctuations. 
During the rest of the time they were taken at sunrise. The 
corresponding air observations, mostly made on the river, 
were recorded with astonishing perseverance five or six 
times a day, usually at sunrise or at 6 a.m., at noon, in the 
afternoon twice between 1 and 4 o'clock, at sunset, and late 
at night between 10 and 12. Tiiese observations are in his 
manuscript journal in the British Museum, and, with the 
exception of the entries on a few pages, they are all in 
pencil. Hay was at times the companion of Wilkinson, 
then engaged in his Egyptian researches; of Hoskins, the 
author of *' Travels in Ethiopia " ; of Linant de Bellefonds, 
the accomplished French engineer ; and of other travellers of 
repute. I have found no trace of the publication of this 
journal, and in the most recent Egyptian bibliography of 
Prince Ibrahim Hilmy, it is referred to as in manuscript 
The accompanying diary is apparently full of interesting 
matter, though more destitute of adventure than the pub- 
lished narrative of Belzoni, who doubtless owed many of his 
experiences to his poverty. 

In April and December 1836 Eussegger made a few 
observations at Terraneh and Cairo ; but his most important 
inquiry was carried out in January 1836, when he look a 
series of temperatures between Cairo and Assouan. The 
results are given in his " Reisen in Europa, Asien, and 
Afrika." Somewhere about 1840 Captain Newbold made a 
series of over two hundred thermometric observations on the 
Nile water between Cairo and Thebes in June and July. 
They are very summarily discussed in a paper contributed 



River T(mpereUiire. 35 

by him to volume cxxxv, of the Philosophiccd Tramactions, 
and volume xl. of the EdinhtT'jh Ntio Philosophical Journal. 
Notwithstanding this, the means there given form a valuable 
check to Hay's summer ohaervaciona at Beiii Hassan. 
Professor Chabc in December 184C, and in Janunry and 
February 1847, devoted some of his attention to the river's 
temperature between Terraneh and I'hilse; and his results 
were subsequently included in a paper in volume xix. of the 
Journal of the Royal Geoijraphicnl Society. Dr Schnepp in 
January 1860, during his voyage to and fro between Cairo 
and Pbilie, made some valuable observations, which are to be 
found in his book " Du Climat de I'Egypte." Between 
December 1878 and February 1879, Mr H. Villiers Stuart, in 
a voyage from Cairo to Abu Simbel and back, made a valuable 
set of Bunrise observations on the temperature of this river, 
which are given in his " Nile Gleanings." His unbroken series 
of temperatures, both of the air (maximum and minimum) and 
of the water, made during his ascent from Cairo to Abu Simbel, 
is unique of its kind; and his January observations above the 
First Cataract are my check on the winter observations of 
Hay in that region. Then follow some interesting investiga- 
tions of Dr Marcet in March 1885 between Siout and Edfou, 
tlie results of which will be found in volume xi. of the Quarterly 
Journal of the Royal Meteorological Society.^ 

'With these materials at my disposal, I have been able to 
construct the thermal regime of the Nile in a manner 
sufficiently accurate for the purpose of a preliminary 
investigation, Profiting by a suggestion of Dr Ule in one of 
his papers on the temperature of the Saale, I have to a great 
extent avoided the disturbing influence arising from seasonal 
'Variation in different years, by making but slight use of the 
actual water temperatures in comparing different periods, 
and by mainly relying on an element largely independent of 
Buch variations, namely, the difference between the air and 

iter temperatures. After a careful consideration of the 
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The air oWcvations w«r« in moat cues mada on th« river. The msana 
[need from Item correspond closely, u will be substquanlly shown, with 
twant meteorological Bvidooce; but for reaaons given at tlie close of tliis 
paper, I Jon't think that tbe rUily mains are much nffecleil by the rivtr, 
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data at my disposal, a number of conclusions have beei 
formed ; and, for the more convenient treatment of the suh 
ject, I will here state them in the form of propositions, whicl 
on the facts before me I will then endeavour to sustain. 

1. During its course below the Second Cataract the Nile is i\ 
summer markedly cooler than the air. This is capable c 
demonstration in several ways. The most obvious metho( 
lies in the comparison of the mean temperatures, such a 
will be found in Table I. below presented, which I hav 
prepared from the observations of Robert Hay. Whether i 
the means of the individual months, or in the general meai 
this striking feature of the Nile is there consistentl; 
illustrated, and we learn from its columns that in summc 
the Nile between the two lowest of the cataracts is on th 
average nearly twelve degrees cooler than the air, and abou 
half way between the First Cataract and Cairo more tha 
seven degrees cooler than the air. 

Table L 
The Nile in Summer (prepared from Hay's observations). 



Month. 



May, . 
Jam*, . 
July, . 
August, 



1830. 



1881. 



Locality. Lai. N. > Air. Water. W. cliff.: I^Krality. Lat. N. Air. 

I I 

Belli Hassan, '27 \'')8' 81 o! 740 -70 Aim Simbel, '2'r 20', SSo 

27' 63' 84 75-6 I -8*4 „ „ 22^20' 90*0 

Tel, . . . 27'37' 86-3, 78*4 , -7-9 „ ,, 22'20'92-l 

Manfalut, .j 27^23' 85 9 79 7 | -6-2 „ „ ! 22" 20' 91*2 



Mean 84 3 76*9 -74 



Mean 90*4 



WaU 

78 ( 
781 
82 •( 



78-3 



Although the indications in this table are sufficientl; 
'clear, it might with justice be asked whether the dat 
afiTorded by other observers similarly demonstrate th 
great coolness of the river in summer in comparison witl 
the air. It will be enough for the present to refer to th< 
observations of the river temperature. Captain Newboh 
found the mean temperature of the Nile for July (1840 ? 
between Cairo and Thebes to be 79°'5. This is near th< 
mean for July, namely 78**-4, obtained from Hay's observa 
tions in the vicinity of Tel, about half way between thea 
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two localities. As regards the temperature of the Nile in 
July between Cairo and Thebes, these two observers may be 
therefore considered as in accord with each other. This is a 
matter of some importance, since meteorologists are already 
acquainted with the average conditions of the air temperature 
in this region, and the point to be established is the average 
temperature of the Nile. In support of the estimates for the 
river afforded by the observations of Mr Hay above the First 
Cataract, we look for the agreement of the observations of 
M. Coutelle. This meteorologist remarks that during his 
sojourn on the Isle of rhib> (latitude 24°), the temperature 
of the Nile in the afternoon was ^'i"-". Corrected for the 
daily range, this estimate falls to about 82'''7. Unfortunately 
no date is mentioned, but we are informed that at the same 
time the air in the shade was constantly 107''"4-109''-6, 
thermometrio conditions characteristic of July or August, 
and indicative of a. mean daily temperature of not under 90°. 
Taken as they stand, these observations give general support 
to those of Mr Hay at Abu Simbel, 

Another mode of demonstrating the summer coolness of 
the Nile in relation to the air is to be found in the comparison 
of the observations made at or about sunrise, a method that 
is free from some of the difficulties connected with the 
eatiination of the daily means. Given the difference between 
the air and water temperatures at sunrise, and postulating 
the relatively large daily rise of the air temperature, and 
the correspondingly limited daily rise of the water tempera- 
ture, we can, by the aid of these two daily observations 
only, approximately determine the relation in the day's mean 
between the air and water temperatures. For example, 1 
will assume that a certain river during the month of Jun* 
has on the average about the same temperature as the air at 
sunrise. We have no further data of our own ; but we learn 
from the meteorologist that the average daily rise of the air 
temperature for this region in June is about twenty degrees, 
and we are informed by those who have specially studied the 
temperature of rivers, that the average daily rise of the water 
temperature could not under these circumstances be more 
than two or three degrees. Here it is at once evident that 
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tibe river, as iDdicated Ja the day's nieaiis, mast be some 
eight or nine degrees cooler than ihe air. My example, 
however, ia not an imaginary one, it is that of the Nile 
in June at Beni Hassan as given in Table I.; and in the 
columns of the siime table, it will be observed that the 
difference of the air and water means, estimated from about 
six daily observations for the air and two for the water, 
''4. All tbe elements for determining approximately the 
relative positions of the air and water temperatures by 
means of the sunrise observations will be found in Table XV. 
To enlarge on the subject here would be to open up the 
complicated matter of the daily range, which can only 
le very cursorily treated in this paper. 

The relative coolness of the river to the air in summer 
being proved alike by the comparison of the daily means 
and of the sunrise observations, I pass on to consider yet a 
third plan, by which this characteristic feature of the river 
can be established. In this method I make use of the 
isothermal charts, placed at our disposal through the labours 
of Dove, Mohn, Buchan, and others. liiyiug aside for a 
time the air observations, and relying only on those of the 
river, I appeal to the meteorologist The chart for July, as 
constructed by Buchan, will answer the purpose. According 
to Hay's observations at Abu Simbel, in latitude 22° 20', 
during July 1831, the mean temperature of the Nile for that 
month was 73°'8, and of the air 92°'l. Now the isotherm of 
95" for July is drawn across the Nile in about latitude 23°, 
From this it follows that I have not exaggerated the lelative 
coolness of this river, with respect to the air, in a locality 
that possesses the highest mean monthly temperature on 
•the globe. Wiihin the borders of the tropics, the Nile is, in 
July, about tiiirteen degrees cooler than the air, as indicated 
by the observations of Hay, and about sixteen degrees as 
implied by the isothermal chart. Descending the river to 
the locality between Tel and Beni Hassan, latitude 27° 37'- 
27° 53', we learn from the data supplied by Hay, that tbe 
mean temperature of the Nile for July 1830 was 78'''4, and 
of the air ^6°-'i. The Nile is crossed by the isotherm of 85° 
for July iu about latitude 28° 30', and allowing for the 
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BiDall difference in the latitude, the ait mean deduced from j 
Hay's observations practically corresponds with the isotherm. 
Whether indicated, tlierelbre, by the isothermal line or by I 
the accompanying air observations, the Nile during July, in j 
the vicinity of Beni Hassan and Tel, is about eight degrees j 
cooler than the air. Farther down still, opposite Cairo, in I 
latitude 30" 3', we may, following Newbold, place the mean I 
temperature of the Nile in July at 79°. Judging from the I 
position of Cairo, between the isothermal lines of 80° and 85°, 1 
the mean temperature of the air for July in this locality is | 
about 83'. The mean temperature accepted for July at I 
Cairo is, however, 85°; but whichever estimate is most j 
correct, we shall not be far wrong in assuming that the ] 
Nile at Cairo in July is from four to six degrees cooler than 1 
the air. The isotherm of SO" for July crosses the mouths of 
the river in latitude 31" 30'. The water temperature there j 
would probably be much the same aa at Cairo, so that at the j 
mouths the water would only be a degree cooler than the aii, 
or perhaps there would be no difference at all. 

These various considerations have led me to the second ' 
proposition : — 

2, The coolness of ike Nile in summer, in comparison with I 
the air, diminishes as (he river fiovis north. This feature in 
the thermal economy of this river has been already indicated 
in several ways. It is clearly brought out in Table I., 
whether we take the individual months or the means for the 
two summers. We there see that whilst for this season the 
Nile at Abu Simbel, in latitude 22" 20', was on the average 
11°'7 cooler than the air, this difference was reduced to 7°'4 
about five degrees of latitude farther north. It is also 
exemplified in ■ Table XV., and there receives independent 
support from the comparison of the sunrise observations. 
Tested by the isothermal lines, it is placed beyond reasonable 
doubt; and it has been above shown in the case of July by the 
evidence of the isotherms, as well as by that of the air observa- 
tions of Hay, that the diHerence of from thirteen to sixteen 
degrees at Abu Simbel, in latitude 22° 20', is reduced to eight 
degrees at Tel,iQlatitude27°37',to some five degrees at Cairo,in 
latitude 30° 3', and nearly disappears altogether at the mouths. I 
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The following Table for July will serve to sammarise the 
results for this month, and will also introduce the third 
conclusion. 

Table II. 
G aural Kesultsfor the Nile in July, 



Locality. 



Air. 



I4it. N. 



Water. 



Isotherm. Observation.' 



Relative coolneae of the NDe 



AlmSiiiibel, . 22' 20' 
Tel, . . 27' 37 



Cairo, 
Attliemoutlis, 



30' 

3r 



3' 
30' 



95 
86-5 
83-0 
80 



92-1 
86-3 
85 



\ 78*8 j Thirteen to sixteen degreai 

I 78'4 ' About eight degrees. 

I 79*0 " Four to six degrees. 

'79*0 , One degree or leas. 



3. The dimintUion in the summer coolness of the river in 
relation to the air, as the Nile descends from the Second 
Cataract to the Mediterranean, is almost entirely due to the 
fall in the air temperature. The air and water temperatures 
do not in fact change together, the former altering consider- 
ably, and the latter to a much less extent. This feature 
is brought out in Table I., where we note that the reduction 
in the relative summer coolness of the river from 11*'*7 
in latitude 22® 20' to 7^*4 in a locality about five degrees of 
latitude farther north, is due principally to the drop of the 
air temperature, the air cooling more than six degrees, and 
the river barely two degrees. We are of course here com- 
paring seasons of different years, and it is probable that 
some portion of the slight cooling here exhibited by the Nile 
is due to seasonal variation higher up the river. We know 
from the isothermal lines that this drop in the air tempera- 
ture is characteristic of this region, but we have no such 
guide for the Nile. Therefore, in order to obtain a less 
obstructed view of the matter, I have devoted Table II. to 
the results for a single month, namely July. 

In its columns we can follow the Nile in its course 
northward during July from the Second Cataract to the 
Mediterranean. During our imaginary descent we traverse 
more than nine degrees of latitude, and the temperature of 
the air drops from 95"* to 80°. We look to the river for 
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soma rospoiise to ihcse great clianges in the atmospheric 
coDditious, but we get no reply. Its temperature has varied 
only one or two degrees between Abu Simbel and Damietta, 
and we- are brougbt face to face with au enigma that might 
have been offered by the Sphinx. 

■L T/ie JViVe, i« summer, is therefore coolei- titan the air in 
nearly the whole of its course. This follows from the fact 
that its relative coolness, which is very small at the moutb, 
perhaps not one degree, increases a.9 we oacend the river to 
the Second Cataract, down which it flows, during the months 
of May, June, and July, at a temperature between twelve 
and sixteen degrees cooler than the air. 

6. The Nik, between the First and Second Cataract, « in 
middle of winter still cooler than the air; but the 
differenee between the air and water temperatures is much less 
than iti summer, and disappears altogether as the river 
jiroceeda north, so tluit bettceen Assouan and Minieh the water 
is nearly two dcjrees warmer tkajt the air, an excess lliat is 
further increased at Cairo. This conclusion is based on the 
general results of a number of observations made lu January 
by Hay, Kussegger, Chaix, Schnepp, and Villiers Stuart, 
which will be found in Table III. In Table IV. I have 
subjected these observations to a more detailed analysis, in 
order to determine the locality of the crossing of the air and 
water temperatures ; and it will be noticed that the locality 
varies somewhat, a result that might have been expected 
&om observations made in diS'erent years. Thu?, from the 
data obtained by Schnepp in 1860, it may be inferred that 
the crossing occurred between Assouan and Thebes ; and 
from those of Hay in 1832,and Eussegger iu 1837, we should 
be justiBed in placing its locality in the vicinity of Thebes; 
whilst those of Chaix, in 1847, indicate its having taken 
place above the First Cataract. According to the observa- 
tions of Villiers Stuart in the latter part of December and 
the early part of January 1878-79, the temperatures crossed 
ID the neighbourhood of Kalabsbi. The locality of the 
croaaiag of the air and river temperature)^ would, therefore, 
appear from these observations to vary in January between ■ 
23° 30* and 25° 30' N. lat. From year to year the climatic ] 
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conditions in this region would naturally vary a litde. 
Chaix, Schnepp, and Russegger, for instance, found the air 
in January to be warmer between Assouan and Thebes than 
between Thebes and Cairo. Villiers Stuart, on the other 
hand, found the air cooler above Thebes than below it. 

The observations of Mr Villiers Stuart are not only 
valuable from the indications they afford, but also as an 
example of how much may be done with little trouble. It 
will be noticed in the analysis I have made of his observa- 
tions in Table V., that during the first part of his ascent the 
air and water temperatures did not vary much ; whilst farther 
up the river they both dropped considerably, the water 
temperature falling the most. On looking at his daily 
register, it appears that between Cairo and Esneh the river 
temperature at sunrise was always 66°, and that between 
Esneh and Korosko it fell steadily to 58°, and there remained, 
during the remainder of his ascent for the next four days, 
until Abu Simbel was reached. This was accompanied by a 
fall of the air temperature much less in extent, namely, from 65** 
to 60°, the two temperatures having crossed in the interval 

The altered relation of the air and water temperatures in 
winter will be also clearly indicated by the comparison of the 
sunrise observations given in Table XV. Unfortunately, the 
isothermal chart of Buchan for January does not lend itself 
to our aid here, there being some discrepancy between the 
data employed and the course given to the isotherm of 60** 
in the vicinity of Cairo. The mean temperature for January 
at Cairo between 1868 and 1881 was 54°-2, and I will take 
this as my datum for the next conclusion. 



Table III. 
Table of General Results for January in the Nile, 



Locality. 



Lat N. 

approximate. 



-24' 



Between I he First and Second \ 1 oi"*-* 

Cataracts, . . . J I 

Between Assouan and Miuieh, | 24''--2d'' 

Cairo, 30" 



Air. 



64-3 

58-7 
54-2 




NoU. — The Cairo results are only approximate. 



W. diff. 



-2-7 

+ 1-9 
+ 5-8 



■ Temper aturt. 



Table IV. 
Analysis of Various Observatums to Ilivstraie the Crossing 
of the Air aitd Water Temperatures in Winter in the 
Lower A'Ue. 



1 



L«Utj. 




Juiuar. 


0«!-jML 


'"■ 1 


Chun. 


ScbD.p[ 


Bua- 
wgSBr 


Hw. 


«.«. 


BturL 


GtDKt. ' 


Ciro 

to 
Tbcbes. 


Air, 
W.diff. 


55-0 
+ 4-6 


56-1 
60-0 
t3B 


61 E 
S7-8 

+ 3* 




56-2 
6fi-8 
+ 4-1 


S6-7 
68-5 

+ 0'8 


63-4 
64 '6 

+i-ai 


dp- 


Air. 
Water. 

w-Jiff. 


674 


61 & 
61 -9 

+ 0* 


85-3 
63-5 

-1'8 


81-6 
80-6 

-1-0 


81-5 
61-6 
+ 0'1 


627 
65-0 
^2-3 


'.'.'.'.". 1 


IP PLils 
11 EirdLrb, 


Air, 88 1 
Wal«r, 621 
W.diff. ' 40 


KalBbsLi 
Abn Simbel. 


Air, eo-e 

W«ter, 6B-4 

W.diff. -1-a 




1 Table ^^M 

Analysis of the Observations made by Mr Villiers Sluart 
duHng his Ascent of the Nile from Cairo to Abu Simbel, 
December 6, 1878, to January 10, 1879. 



HMiih. 


I*»liW. 


AU«««.. 


M^n' 


Difference of 

the Witor 

Honlrumlba 

All Meu. 


Of .he W.tB 
Temp-U 
BooHh. ■ 


Bin. 


Xaz. 


m™. 


Dec e-is 
.. l*-22 
.. 23-31 

Jm. 1-10 


C«Iro to Bfiii HMsan, . 
Beni Huran to Keuoh, . 
Keoeh la KurdMeh, 
Katabslii to Abn Simbel, 


67-8 
BO -4 

63 '8 
fi4.'8 


74-8 

74 '0 

7ri 

07-0 


BS-S 
85-2 
0-2-4 
00 8 


66-5 

88-5 
61 'fl 
S9'4 


+ 0-3 
+ 18 
+ 2-2 
-1-2 


8-2 
SB 
10-S 
*-7 



^'ob. — The air mean ii tbe mcftn of tbi tniniinum and maximnin obserra- 
tioiu. The nster mean i* the mean of the siiume observation a, plus balf 
a dejcree to nUow for the daily range, as iudiciited by the data of Hny, 
llarcet. and olbers. Tbe last column h intended to serve aa a check. 
Knowing the doily »it range, and tbe diflerenoe between the air and water 
It tuiirise, we t'sn at ODce roughly determine the relative position of the air 
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6. The approximation and subseqttent crossing of the air 
and river temperatures in mid-winter below the First Cataract 
is due mainly to the fall of the air temperature. During the 
descent of the Nile in January from Abu Simbel to Cairo, 
between the 22nd and 30th parallels of north latitude, the 
temperature of the air drops at least ten degrees, 64'' to 54^ 
whilst that of the water only varies one or two degrees, 60® 
to 62^ This is shown in the columns of Table III. ; and we 
now perceive that in winter, as in summer, when we follow 
the Nile from the Second Cataract to Cairo, the air and water 
temperatures do not change together, and that in both seasons, 
whilst the air cools considerably, the water varies but little 
in its temperature. 

7. It follows from all that has been previously remarked, 
as well as from the data for the spring and autumn to be 
found in Tables XII. and XIII., that between the First and 
Second Cataracts the Nile is cooler than the air all through 
the year, the difference being as much as thirteen degrees or 
more in the middle of summer, as in July, and reduced to as 
little as two or three degrees in the middle of winter, as in 
January. Lower down the river, between Assouan and 
Minieh, the relative coolness in summer with respect to the 
air is less marked, but is still eight degrees in June and 
July; whilst in mid- winter, as in January, the river becomes 
nearly two degrees warmer than the air. At Cairo, or in its 
vicinity, the summer coolness, though again diminished, is 
still five or six degrees in July ; while in January the Nile 
is some five or six degrees warmer than the air. With this 
general conclusion attention is directed to the diagram of the 
curves of the air and water temperatures for the Nile. 

8. Most of the striking features in the therm^al economy of 
the Nile below the Second Cataract are also brought out in the 
comparison of the annual mean temperatures of the air and 
xvater given in Table VI. Whilst between the Second and 
First Cataract (22''-24'* lat.) the river is more than seven 
degrees cooler than the air, between Assouan and Minieh 
(24°-28*' lat.) the difference is less than three degrees, and at 
Cairo (30° lat.) the river and the air possess about the same 
temperature. Between the Second Cataract and Cairo the 
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variation of the river temperature is less tban two t 
n'hilst the air temperature falls about nine degrees between 
these two localities. On referriDg to Buchau's isotliermal 
chart of the mean animal temperature of the globe, it will 
be observed that the same conclusions could be formed by 
employing the isothermal lines. The isotherm of 80" crosses 
the Nile between the First and Second Cataract in about 
latitude 23° 30'. a region for which the air observations I 
have used give a yearly mean of 80*-2. 'Chat of 75' ia drawn 
across the Nile in about latitude 27°, between Assouan and 
Minieh, a region. for which the air mean deduced from my 
data comes out aa 7i°'5. 



Table VI. 
Comparison of Mean Annxtid Temperatures of the Nile. 



^" Localitj-. 


IM. 


tnthfnn. | Air. 


Wtta. 


•■"■ 


FitBl CaUrni'ta, . / 

Mmieh. . .1 

Oiro, . . . 


24*-28- 
30' 


Ut. otiwtherm of &D'-23' 30' B0-! 

75"=27' US 

„ 70^ = 31° . ri-2 


72B 
718 

71-0 


-7-3 
-2-9 



A'oU, — Tha mfan annual teni]<eTntUJ'e of the air nt Cniro, in si'rordiDcs 
n-ith wliicb BucIidd baa drairn hiu isolhcnn of 70^, is 71 '2 ; and riotn tbs 
linl« T&iJBlioD dlspUyeil in the niontlily niennn of tlie Nile in .raniiary a 
July in the lower eoune of Ihe rivet (Tables II. ao.l Hi.), the jenr'i. lue 
for the river at Cairo any be placed at 71°, 

9. Suriniji the fo-itr seasons of the year there is no great 
amiriist in temperature beiwee?i tli€ water of the Nile and the 
mrface-waters uf the MedilerraTietin. In the accompanying 
table I have endeavoured to illustrate this. The data for 
the Mediterranean are taken from the Admiralty Chart of 
Surface-Temperatures, published in 188,5 as one of the sheets 
of the Wind and Current Charts of the Atlantic, Indian, and 
PaciGc Oceans. In framing the temperatures for the Nile, I 
have lieen not only guided by the scattered data given in 
Table Xlla. ; but as it is evident that the Nile on the 
average varies but little in its lower course, I have had 
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regard to the general behaviour of the river between Cain 
and Thebes. In February and August, as is shown ii 
Table YIT., the temperature of the Nile at its mouths i 
near that of the surface of the Mediterranean. In Mai 
the Nile would be about five degrees warmer, and ii 
November about five degrees cooler. As far as th< 
temperature is concerned, there appears, therefore, to h 
but little bar to the migration of animals between the rive 
and the sea. 



Table VII. 

Comparison of the Temperature of the Nile at its Mouths 
ivilh that of the Surface- Water of the Mediterranean, 



Locality, 



Moatbs of the Nile, 
Mediterranean, 

Nile differtneCf . 



February. 



62 

62 





May. 



72 
67 

+ 5 



Anguft 


November. 


79 


66 


78 


71 


+ 1 


-5 



10. The Nile possesses a thermal regime peculiarly its own 
and strikingly different from those of other great rivers, such Oi 
the Amazon, the Congo, and the Mississippi} A comparisoi 
of the Nile with other great rivers of the globe will not onlj 
give prominence to the distinctive features of its therma 
regime, but will also indicate the road we must follow U 
arrive at some explanation. But it will be at first necessarj 
to consider how small rivers differ from large rivers in thew 
matters. It has been abundantly proved, and especially b} 
Forster in his ** Memoir on the Rivers of Central Europe,' 
that rivers of ordinary size in these latitudes, when freec 
from the controlling influences of their sources in mountaii 

^ It is, however, probable that tlie YaDgtse and the Brahmaputra, whei 
more fnlly investigated, wiU be found to resemble the Nile in some points 
According to the data supplied by Captain Blakiston, the Upper Yangtee i 
nearly four degrees cooler than the air ; and I have shown in the first part o 
this paper that the Brahmaputra issues from the Himalayas at a temperatur 
which is in September quite thirteen degrees cooler than the air. 
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regions or in lakes, possess a temperature which, as repre- 
sented by the curves of the monthly means, is usually 
■warmer than the air all through the year. This is true of ^ 
such rivers as the Thames, the Seine, and the Marne, which 
are from three to five degrees warmer than the air in 
summer, and from one to three in winter. Rivers of this 
size, possessing no ^Teat hulk of water, soon attain a stable 
temperature, depending mainly on the climatic conditions of 
the district traversed. Change of latitude can but slightly 
afl'ect the mutual relation of the air and water temperatures ' 
in a river that, by reason of its small size, so soon responds to 
changes in the surrounding atmospheric conditions. The 
great rivers of the earth, such as the Amazon, the Congo, the 
Mississippi, and the Nile, have, on the other hand, no 
consistent thermal behaviour, except such as depends on 
similarity in the direction of their flow; and in their case 
the difference of Bowing with the latitude and with the 
longitude, or between a course from high to low and low to 
high latitudes, is stijkingly illustrated. As I hope sometime 
to deal at length with each of these large rivers, I will here 
treat biiefly of each of them, and in the drst place I will take 
the Amazon. 

During his descent of the Amazon from the junction 

rthe Huallaga to the mouth of tlje Madeira, between 
(eptember 1851 and February 1852, Lieutenant Herndon 
Ipade a number of observations on the air and water 
temperatures, which are given in the narrative of his travels, 
During the whole descent of some 141)0 miles, amounting in 
fact to about two-thirda of the river's navigable course, tha I 
water temperature only varied between I'd" and 83% or four I 
degrees. The results, however, are not worked up by the | 

I Author in his book ; and after some labour I have prepared 
llie following table, from which we learn that the water waa 
always a few degrees warmer than the air, the mean excess | 
Being a little over three degrees. This is close to the I 
•Btimate obtained by Maury from the same observations. | 
Ib an introductory note to Lieutenant Marr's report on the 1 
Uississippi at Memphis, he remarks as follows; — "The 
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has a mean temperature about 2^*5 F. warmer than the air 
This river runs east, consequently throughout its course the 
climate is nearly the same." 



Table VIII. 

Temperature of the Amazon (prepared from Lieutenant 

Herndon's observations). 



Month. 



Locality. 



Air at 9 a.m. Water. Wat«r Excess. 



-i 



too 



it '0 



a 4 ion S From tho Huallaga-to the ) 

X- i From the Ucayali to ) 

J^ov. „ J Tabatiopa, . . . j 

Dp,. \ Betwpi^n Tabitinga and \ .^.^ 

Jan. 1852 * ^^'^!^ >i** ^"™ ^° ^^'"^ ' 



Feb. 



f f 



) ruroK 10 iiic \ 

/ Rio Nepro, . . . | 

From the Rio Negro to \ 

the Madeira, . . | 



78 -fi 
77-8 

78-3 



80-5 

81 -r. 

I 
81-5 I 

82 

82 

81-5 



2 




3 
.5 
2 

2 



I now turn to another great tropical river that ought, in a 
similar manner, to reflect the influence of running with the 
latitude, though here it flows west. This is the Conga Dr 
A. von Danckelman, whilst engaged in making meteorological 
observations at Vivi between the summers of 1882 and 1883, 
took from one to three temperatures of the river each month, 
all of which are considerably higher than the air means foi 
their respective months. The results as employed by me arc 
here appended ; and although the river observations are verj 
limited, their possible deviation from the mean of eacli 
month is small, since the extreme variation of all the watei 
temperatures taken in the twelve months was barely eight 
degrees. We perceive, on referring to the chart of the curves 
that the Congo, in its relation to the air temperature, behaves 
very similarly to the Amazon, and maintains a highei 
temperature than the air throughout the year. Both riven 
illustrate in the same manner the effect of flowing with the 
latitude. 



^^K Teinpereii 
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Ternpcraiure of the Congo at Vivi (prepared from tbe 
observations of Dr A. Voii Danckelman). 



DU& 


JU». ir»wrjw.»«c«». 


D*U. 


Alf. 


r.u. 


W.Ebm. 




;s-9 


»m1 


7-9 


J«iin«l7 188!, 


78-4 


»,.. 


4-4 


■""ly 


flBS 


78-8 1 


es 




7B0 Hi 


8-2 




70-5 


76 '3 


6-B 




79-8 83-7 


4-6 




75-2 


77-7 


3-5 


April „ 


78-8 84-0 


B4 




77-4 


H2'fl 




M.y 


78-3 83-7 


fi-4 




78 -fl 


8S-4 


4-8 


August 


... 80-! 




H'" .: 


771> 


81-7 


8 '8 









From the Congo I pass to the Misaissippi, which will be 
regarded here mainly from the contraEt it presents to the 
Nile. A glaoce at the chart of the curves will be sufficient 
to show how remarkably the type of its thermal regime 
diverges feom that of a river like the Congo, and, I may here 
add, from that of the Amnaon. On account of the cliiUing 
influence of tbe waters from the colder and more elevated 
r^ons of tbe north, the temperature of the Miasiaaippi at 
New Orleans is lower than that of the air during eight 
months of the twelve : and it is only in the latter part of the 
summer and in the first part of the autumn (August to 
November in 1851, and July to October in 1852) that the 
river gains the ascendancy. At Memphis, five degrees 
farther north, the river temperature exceeds that of the air 
between June and November; and it is only during about 
five months, from January to May, that the cool waters from 
more northern latitudes give to the Mississippi a temperature 
lower than that of the air. 

In the curves of the Nile we find no analogy to those of 

' la hii anrent rram the moulh of the Congo to ■ little above the YelUlt 
hill, during July nnd August 1S13, Captain Tuckey Tonnd that the tempera- 
ture of tbe ri*er varied lietween 7S° and 78'. The mean terD^ratnra of the 
river at aoon in the tieigbbouriiood of llama during July 30-31 wu 
TS°'l, and 7S''7 in the vicinity of Vivi and the Vullula Falls during August 
1-20. 

Id the midJle ofSeptetuher les.l the temperature of the river about Vivi 
Wil the VcUal* Fails vkried, acuarding to Captain Burtau, between 7i' 
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either the (.'ongo or the Mississippi. Here we notice tha 
between the First and Second Cataracts the river is coole 
tlian the air all through the year, the difference being great ii 
summer and small in winter. Lower down, between Assouai 
and Minieh, the Nile is cooler than the air during twc 
thirds of the year, but in the winter period, from Decembe 
to March, it becomes warmer than the air. 

11. When specially contrasted with the Mississippi n 
New Orleans, the Lower Nile differs from it in th 
following points : — 

(a) In the rclutwn of tJie currea of the air and water tempera 
tares, asjuM dr.icribed, and as illustrated in the table of curve 
They not only differ in this respect conspicuously from eac 
other, but both depart widely from the prevailing type pn 
sented by a river under the control of the climatic condition 
of the r(?gious traversed. Such a river, whether it be the Cong 
or the Thames, is warmer than the air all through the year. 

(h) TVliilst, as sfMwn in Table X., ths Nile, judged by ii 
mont/Uy mean temperiUures, lias a range of temperature viuc 
less tJuin tluit of the air, the range for tlie Missistippi is con 
siderahly greater than for th-e air. On looking more closel; 
into this matter, it will be observed that the Mississipf 
extends its range beyond the limits of the air in winte: 
whilst the Nile contracts its range considerably within tha 
of the air in summer ; and that the Mississippi behaves lik 
other rivers only in the warmer part of the year, whilst th 
Nile resembles other rivers only in winter. I refer of cours 
to the water temperature rising above the air in thoa 
seasons in the case of most rivers. 

(c) ITu Nile is true to the climatic conditions of its latiiud 
only in winter, and the Mississippi only in summer. Th 
influence of the higher courses is displayed, in fact, in cantrar 
seasons^ tJte Nile being under their control in summer and th 
Mississippi in winter. 

(d) According to the annual mean temperatures (see Tab 
X), tlie Nile is sortu sei^en or eight degrees warmer than th 
Mississippi at New Orleans. 

(e) As indicated also in the mean temperatures for th 
year, the coolness of the Nile with respect to the air i 
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idnmctwietic only of ita higher courses, and gradually 
iHseiw ftB we deacend the river, until it disappears at Cairo. 
Tba ooolnesB of the Mississippi is most developed near its 
mouths, as at N'ew Orleans, and disappears as we ascend the 
river and arrive at Memphis. 

(/) Tfu Kite during any part of its course below the Strmul 
Cataract does not actjiiire the summer temperature of the Mis- 
sissippi. This contrast is well brought out in Table X. 



t 



Table X. 
impdrisffn of Ike Annual Mean Temperatures and 



of tlu 



Ranges of t/te Montbiy Mean Temperatures of Oie Nile 
and the Mississippi. 



aMBf at UoBtlily MrniL 



Uln. Mu. Ruwa. lUi 



vindppi at New 
^rlf&niiii 1961, 

Mnuuia 1852, 

Orlean*. mun, , 
miBaipiii ■[ M«m- 
•*i»in 1850. . 

la between Hinieb 

d Awonjui, 
It between Fint 
inct SevniKl CiU- 



24'-2a' 



cralsB'O 

-2-9 1687 86-S 
-7-3 64-8 M-1 



390 3S'3 

30-8 «0-0 

27 -e , 60-a 



A'ole. — Ckptun HumphTeyi mud Lieutenant Abbot are m; ■utbaritiea far 
the Htnunppi at Tfew Orleans, ami Lieutenant Msrr for the same river ut 
Mempbil. Tlie bigheat ni'>uthlj mean for the river at New Orleani in 1846 
wai, according to PrornBiir ttiddell, 83°7 ; whiUt Dr Drake place* the lowitit 
in 1848, off the name cit]', at 41'. Dr Dowlet placed the extreme range of 
III-^ teinpenturo oF th« river at New Orleani, iu the coume of tbe year, at 
from acarcety 40' to nearly SU*. 

(fl) Whilst, as befme shown, the differetiee in temperature 
between the Nile and the surface of the Mediterranean can 
ntver be great, it i» far otherwise in the com of t/te Mississippi 
and ths Ottlfof Mexico. Observations made by Dr Drake in 
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1843, indicate that in February imd March tlie river-watsr 
flows through the Passes into the Gulf at the temperature it 
poBseases opposite New Orleaua. On 24th February, th« 
temperature of the liver-water in the South-Weat Pafl« WM 
4'2°5, which is about the mean temperature for February of 
the river at Kew Orleans; the Gutf-water, a few miles out, 
was 56°'5, or fourteen dej^rees warmer. On let March the 
river temperature in the North-East I'aaa, off Baliee, was 
42°6, which waa also the temperature of the river four days 
later at Fort Jackson, thirty miles above. Assuming that the 
river does not chan{j;e much in temperature between New 
Orleans and the Gulf, I have arranged the following table : — 



Table XI. 

Covipariwn of the Temperuture of the MUaissipjii at its Mouths 

with that of the Surface- Water of the Gulf of Mexico. 



iM»mr. 


fXjruuj, 


Mv- 


Auput. 


N™,b-. 


HouthiofthflMlMiMippi.. 
GuiroFMuico,. . . 


i3-0 

you 

-27-0 


86 fi 
78-0 


S4'0 
8S*S 

+ 0-6 


flO'G 

rs-0 
-n-5 



The data in this table relating to the Gulf of Mexico refer 
to the northern third of the Gulf, and have been taken from 
the same Admiralty chart of surface-temperaturea that was 
employed in comparing the Mediterranean and the Nile. 
We here notice that the waters of the Mississippi are very 
much colder than the surface-waters of the Gulf in winter, 
considerably colder in the spring and autumn, and about the 
same temperature in summer. As far as temperature is 
concerned, during the greater part of the year there could be 
but little interchange between the faunas of the Mississippi 
and the Gulf of Mexico ; and from the circumstance of such 
an interchange being confined to the summer, it may be 
inferred that the migration from one region to another 
cannot be on an extensive scale. The Mississippi during 
recent geological times has thus presented a great contrast 
to the Nile; the similarity in thermal conditions will have 
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always assisted migration between the Nile and the Mediter- 
ranean ; the very reverse has been the case as regards the 
Mississippi and the Gulf of Mexico. 

12. The Nile exhibits an unitsutiUy large daily i-anfft of 
lemperalure. This matter can be only touched on here ; but 
I may remark that very vahiable materials for its study 
have been afforded to me by Mr Hay's extensive seriea 
(if sunrise and sunset observations, tlie results of which will 
be found in Table XV. It will be there seen that in summer, 
between Eeni Hassan and Siout, the daily rise in summer is 
on the average from two to three degrees. In winter, accord- 
ing to tlie observations of Dr Scbnepp in January, between 
Girgeh and Assouan, it is reduced to l°'l j and in the spring, 
in about the same locality, it is shown by Dr Marcet in 
March to be 1"*6. When we turn to other large rivers, 
we find that S8 a rule they display but slight change in tlie 
day ami night. According to Dr Dowler, in the Mississippi 
at New Orleans there is scarcely any variation in tempera- 
lure during the whole twenty-four hours, and he shows, in a 
Jew observations made in June, that it did not then exceed 
half a degrea The Niger below ihe confluence, according to 
the observations of Dr Baikie, has an average daily rise in 
August of about one degree; and the Senegal, in August also, 
Iws, as indicated in the observations of Captain Borius, a 
nmilar range. From the data obtained by Mr Wallace, the 
Bio Negro, the large tributary of the Amazon, exhibited an 
•Terage daily rise in September of l''o. The Brahmaputra 
U Sadiya possesses, according to Dr Griffith, an average 
daily rise in September of l°-5. Probably enough, the un- 
ttsnally large diurnal oscillations of the Nile's temperature 
are to some extent connected with those agencies that produce 
the great daily range of the temperature of the air. But it is 
very remarkable thnt,like the Brahmaputra (see Part I., p. 305). 
the Nile, when far below the temperature of the air in summer, 
exhibits the usual daily rise and nocturnal fall, although it is 
colder than the air during the whole twenty-four hours. This 
matter will be dealt with in a subsequent paper. 

13, The Nile attaim its highest temperature in Avguat, and 

< in the fo««r vart oi 
-2^L 
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»4 Fnenim^m/duMtfttngmt^Suat^ 

MmfiU, Tbe kigbe* nadng abcinirf bf Hay il 1 
bdov tbe Tint Cttanet. w 1S30. «m 82*; Iba bJ^lHik i* 
Aba Sunbcl, ia 1S31. wm 84*. Coatde «b«nmd tM^os- 
lAics of 83'-? at Pbilc Tbe lowert ttapetatnea noocded bf 
Hay, Sciuiei^, Basa^ger, aad Chaix,danBg Janaarjr, betweea 
Amooui and Minifib. vatied fana S4* to a8*'5 ; and between 
tbe Fini aad Seami Cktanrte, Hajr is thb nontb obtaiaed 
a ninimnn nadiag of CO*, end VUben Stsait one of 58*. 

14. 7%« rittr. mo domtt, kaa an importami in/lmenff on tke 
UmptnUurt of Uu air ot*r it during soms koun of the daf. 
In Part I.,p. 207, 1 hare ebowo that the Brabniapuua, wben 
it poawaaes a lampeiatare lower than tbe air both day and 
nigfat, aflecta tbe air conaideiably at snnset, and bat aligfaUy 
in the heat of tbe day, loweiing also the daily mean. The 
effect in sammer would be to diminish the relative coolneas 
of tbe Nile as regards tbe air, so that if 1 have erred at all it 
baa been in uaderatatiag the difference between the air and 
weter temperatures. 1 do not ihink, however, that observa- 
tioDH of tbe air made on a houee-boat, that retains at night 
the heat of the day, would much affect in summer the daily 
air mean, and my air data are mostly of this descnptum. 
The whole matter is in need of an investigator. 

Suggestions for observing the femperalare of tke XiU. The 
method that involves least trouble merely consists in taking 
observations of the air and water at sunrise, an hour well 
suited to the habits of life on tbe Nile. For this purpose 
the same bath-thermometer can be advantageously employed. 
Thu air observation siiould be made lirst, and care should be 
taken to thoroughly empty the pocket after the water 
teuipurature has been observed. If more attention can be 
devoted to the inquiry, then maximum and minimum air 
readings should be taken, or, in the absence of self-recording 
instrutOBUts, observations of the air should be made with 
a common tlierraometer at sunrise, and in the afternoon at 
two o'clock in winter, and between three and four o'clock in 
summer, the corresponding river observatioua being taken at 

irise and sunset. In the case of the river, the thermometer 
of the bath pattern should be lowered to a depth of two or 
threo feet, and must be kept there not less than three minutee. 
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such as the 



Special points sliould be also 
change of water temperature whea tlie river begins to rise. 
Captain N'ewbold records that the temperature of the Kile 
between Cairo and Thebes was increased from 79° to 80°'5 
** at the commencement of the inundation in June hy the 
freshes from Abyssinia." The relation of the temperature of 
the river to the velocity of the current should be attended 
to ; and it might be expected that the difl'erence in the river 
temperature between two localities, such as Cairo and 
Assouan, would be less when the river runs awil'tly than 
when it is sluggish. The diOereuce between the aii' tempera- 
ture on the river and on the land, some distance from the 
banks, requires to be worked out for the various seasons ; 
and two or three days each month might be devoted to this 
object, the observations being taken at sunrise, lu the after- 
noon, at sunset, and at midnight. The induence of the 
northerly winds, or Etesian breezes, in lowering the river 
temperature should be recorded. Dr Marcet noticed a 
considerable effect thus produced in March. It would be 
also worth while inquiring into the variation of the Nile's 
temperature with depth. For this purpose Messrs Negretti 
and Zambra, of London (Holborn Circus), supply a useful 
instrument on the Slxe pattern for about a guinea, and 
a reference thermometer (certified at Kew) for checking its 
readings for about fifteen shillings. 
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Table Xlla. 

A few Obxrvatioiis on the Ti-mpfraturc of the A'ile at Cairo 

atui in its Vieimty. 



Juiuvr x-«. in;, . 
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Nlki>iHDUn>p,(M7. 
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Ruwiggsr, 

VlIHmStuut. 


M'O. 

OO'fl. 
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Table XIL 
MalfriaUfor the Nth employed in the amatruaion of Table XIH. 
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*bii Mlntwl lo KilnbAl, 
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Mftnfdut I.I Tel. . 
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-ST' 



Sii 



lien SUB 



UmihwUi. Thadi 



orthsvboleotXvlSM. bl 

ti> wMe monUi "( Oi'tober 1. 



Md BooUk (lultDd* M* 4-X la »«• 
(UUtiKlitrmuid 0«rf BoHjitr 
rs being only DbKmUiHu lor elcht daji dariaf 
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Table XIII. 



1 Monthli/ Temprratures tif iht Nile, obtained from tkn 
materials t/iveri in Table Xfl., and employed in thx 
Table of the Curves on page 58. 
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A'irf*. — The means for KebTqarf IS!11 rorcr only to the lail two weeks, knd 

tboae for rabtuury 1853 to the lint two wieka only. Accontiiig to Or Dnik«, 

tha iDcan for the tivi?r at Kew OrlranB, in Febranry 1813, was 41*. Tha 

water mean for May 1844 applies to the laKt ten diya, and that for AD|[uat to 

_ Iba Bnt two vvcka. 
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Bl. Obiimry Nolief of tkt late Georgt Lrdie, M.D., F.R.S.S, 
By K. H. Traql-air, M.U, LLD., F.KS. 

(Read letb December 1BS4.) 

K' Geoi^ T^slie was born at Turriff, Atjerdeeiishire, in the 

sar I80O. naviug spent some time as assistant to a chemist 

I druggist in Dundee, lie repaired to Ediuburgti about the 

IBT 1876, and commenced the study of medicine at the 

irDiversity. 

I Having a decided incHnation towards the subject of natural 
history, he became assistant to the late Professor Sir Wyvilla 
Thomson shortly after his return from the "Challenger" 
Kxpedition, and for some time he also worked in the 
Challenger Commission Office as secretary to Sir WyviUe. 
In 1870 he joined the Royal Physical Society, contributing 
in the same year a paper " On an Abnormal Specimen of 
EuphctcUu aspergillitm " to its ProcccdtJigs, This was 
followed in 1881 by the well-known " Catalogue of the 
Invertebrate Fauna of the Firth of Forth," which he prepared 
in conjunction with his college friend, Mr W. A. Herdman, 
now Professor of Biology in the University College, Liverpool. 
At that time it seemed uncertain as to whether Mr Leslie 
would ultin]at«ly devote himself to practical medicine as hia 
profession, or allow himself to be tempted to turn aside into 
that most uncertain path to eminence or even bare livelihood 
which is trodden by those who, unsupported by private fortune, 
choose to devote themselves to pure science. Certainly he 
was not wanting either in ability, or in the bent of mind, 
necessary for the development of a thorough good zoologist 
But prudential considerations prevailed,and in August 1881 he 
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at least tlie western one — decline very 



whose sides 
gradaally." 

Now again, in endeavouring to supplement our previous 
annimary, and bring our ioforniation concerning Kockall up 
to date, we desire it to be understood that we do not claim 
this far-off fragment of the earth as a part or portion 
belonging to the fuunal area of the Outer Hebrides, because 
obtain facta which have become known to us since the date 
of our last article upon it, tend to the indication of its 
geological and faunal relations to the islands of Iceland, or 
at all events to more recent volcanic action than we have 
any traces of in the Hebrides; and the soundings show, 
probably, much more decided rupture or separation from 
any of our British isles than from more northern land. 

Soundings, when more exhaustively overtaken, may, and 
doubtless will, assist ua further in our judgments in this 
direction ; and before long, as we have some reason to hope, 
such soundings, and a more minute account of the rock and 
its surroundings, will be attempted, and more definite infor- 
mation obtained regarding its geology, flora (if any), and 
fauna. 

In Basil Hall's account, the geology of the rock lias been 
described as a " dark-coloured granite," and this has been 
repeated in the corner of Captain Vidal'a map, where the 
stone is spoken of as " coarse granite." 

From what has already been published regarding this still 
somewhat mysterious ocean-rock, we know a few points of its 
history. We know its position with considerable accuracy ; 
and the Admiralty chart, which is now out of print and 
scarce, has laid down upon it accurate soundings so far as 
the survey was mapped. We know that it is surrounded by 
dangerous reefs, especially those which lie out three-quarters 
of a mile or thereby towards the N.E. The fishing banks 
around, as is well known to crews and masters of fishing 
smacks from Grimsby, Fii^roe, and Shetland, He at depths of 
from l30 to 120 fathoms. We know also that it is a nursery 
for sea-fowl, and positively that a species of guillemot breeds 
upon it, besides several other birds, of the identity of some 
of which, however, we are not so certain. 
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Seekall. 

Of it6 geology we have only the accounts of Vidal and 
Captain Hall 

My friend Jlr John Cordeaux of Great Cfltes, Ulceby, 

lincoliiahire, who at my request lias assisted me in preparing 

the materials for tins paper, and who haa good opportunities 

of interviewing the Grimsby smacksmen and owners, sent me, 

amongst other items, a small piece of atone which was 

obtained near Rockall, and concerning which he writes to me 

as follows: — " With regard to your question as to where I 

got the rock and from whom ? It was given to me by a man 

who had been line-fishing off Kockall for cod. I had several 

pieces, with a branching coral attached, brought up entangled 

1 the cod-lines. I cannot remember the man's name now, 

Fbut believe that it was une by name Frederick Barr, formerly 

of this parish, and drowned at sea some few years ago. There 

was a good deal of the coral and rock brought to Grimsby 

about the same time. The little hit I sent to you was the 

only piece I could find, although I had several pieces on the 

chimney-piece when at Eaton." 

^^_ You will, from the above notes, observe that this piece (tf , 

^^■sock was not obtained in situ, from Rockall, but from the door 

^^H'of the ocean in its vicinity. Nevertheless I considered it 

^^^■vortby of a specialist's examination. 

^^^1 It was therefore forwarded to Professor Heddle, with i 
^^Bsequeat to report upon its character, which he has done as 
^^^ follows: — " I have cut a slice out of Eockall rock, and now 
return the rest. 1 cannot finish the section here, so have sent 
it to London to be finished, and on receipt of it will report." 
He goes on to say — " If this comes from there, it is none of 
the rocks mentioned before, but (unless possiLly, but not i 
probahly, a hornblende band of old gneiss) a volcanic rock. * 
This would make Kockall a plugged volcanic throat, whicb 
its form makes very probable," 

Aft«r a later and more exhaustive eKamination, Professor 
Heddle writes : — " It is an olivine-dolerite of an unusually 
close-grained or dense character. It has au unusual structure, as 
containing very little augite. Olivine and labradorite crystals 
L occur porphyritically disposed; and also in what Professor 
I Jodd calls glomero-porphyritic clusters ; and here both the 
VOL. XI 11, 
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abovQ minerals are associated id these clusters. There is much 
saponite in small and loosely arranged Hakes. This is not 
in small druses, but in irregular patches, as IT it had replaced 
augite. Lath-shaped crystals of labradorite penetrate tliese 
patches, showing that this mineral had been protero-genetic 
to the augite. Analcime in somewhat large crystals occurs 
as an imbedded ingredient." 

" Though not for a moment calling in doubt the fact that the 
piece of rock sectioned came from Kockall, I must express the 
very strongest doubts as to this being the usual, or main, 
rock of that extended reef. Such a mass as that would stand 
above the wattir in high, cliffy bluffs, with deep water up to 
the very edge of the precipitous sides. It seems to me much 
more probable that the fragment of rock sent had been a 
portion of a number of volcanic dykes which had cut the 
true rock in all directions, and, by their greater hardness, 
had saved it from utter disintegration. Moreover, the 
specimen sent was itself of an unsatisfactory character. It 
did not show properly fractured edges, these being rounded 
from more or less atmospheric or marine rubbing. It looked 
like a fri^ment which had been dislodged out of a rent in a 
stone." 

Early in 1894 some talk was made of erecting a light- 
house upon Rockall, and, in a letter received by me on 28th 
April 1894, from Mr D. A. Stevenson, — Secretary's ottice 
of the Board in Edinburgh, — that idea for the time being 
appears to have been dismissed, after all possible inquiries 
had been made. Mr Stevenson wrote : " It is evident that 
there is not much information forthcoming from those who 
have actually landed on the rock." 

The ditticulties of stori^e, of laying a cable, supplying 
victuals to workmen excavating for foundations, first for 
storehouses and workshops, and secondly for the lighthouse 
itself, distance out in the Atlantic, and the incompleteness 
of charts and soundings, for the present, at least, render 
the prospect unlikely. 

Until a more careful survey both of the rock itself and 
its capabilities, and of the surrounding seas, be completed, it 
is not likely that any steps can be advanced in this direction. 
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bowever desirable such might be, l>oth for saving life and 
serving as a meteorological station. A cable would 
have to be laid, with all proper connections, to the nearest 
land in Scotland; and to do so safely, a careful series of 
sonndings and samples of the bottom would have to be made 
and reported upon. Such miglit be undertaken by private 
ent«rpri3e, or it might be done by the Northern Lighthouse 
Board, or otherwise by a Government expedition. 

Meanwhile 1 have endeavoured, since the date of tha 
Bue of my volume on the Outer Hebrides, to ascertain aa 
Btuuch more as possible from fishermen and others who have 
l^aniled or been in its vicinity. 

The materials at my disposal to date are :■ — 
Information obtaitted by me when in Fieriie in the 
Itummcr of 1894, which I detail further on as nearly as 
wssible in the words of the several narrators, and jotted 
^own immediately on the spot. 

Information obtained with the assistance of Mr John 
I'Cordeaux of Great Ciites, Lincolnshire, by interviewing 
vrious smack-owners and fiatiermen of Grimsby, which I 
KlUso propose to give in detail. 

Other information received — if still indefinite — seems td 
' a^^ree at all points regarding the numbers and considerable 
variety of the birds which are fonnd upon the rock. 

To secure more certain data, when in Fieroe in 1894 
I made the liest arrangements possible to have the rock 
landed upon, and every obtainable specimen brought home 
in 1895, I trust my endeavour may meet with success. 
Both FieriJe smacksmen, and Grimsby owners and fishermen, 
agree as to the large number and considerable variety of 
birds seen there, on various occasions ; and moat of these 
men carry at least two fowling-pieces, and some also a riHe 
[ in their ships. 

Another point gained — if absolutely correct — is, that the 
I Grimsby men agree that there « vegetation and plants of 
I Bome sort on the rock {J. Cordeaux). 

The accounts of the species of birds and descriptions aii*; 
I however, as yet too vague to make it worth while at pi-esei 
Lto retail them. 
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One Grimsb}' headman adds a crumb of interest, 
aaya, after the usual description of the rock and its appear- 
ance, " like a big hay-stack, and covered by bird's dung — in 
fact, quite white." " There is a ledge round the island, on 
which it is possible to land and walk, and the high portion 
rises precipitously from this. There ai'e also great reefs not 
awash all round, and extending for miles. Grey Seals 
frequent the rocks- Gulls, Cormoiants, Gannets, and many 
otJier sorts of birds nest there, also Kittiwakes" (viva voce to 
Mr John Cordeaux; in letter to J. A. H.-B. from J. C, bth 
November 1894). 

Mr G. C. Bennett — in a letter to Mr J. Cordeaux — says, 
Ist Xovember 1894: "I have just seen a man who landed 
on Eockall about thirty-nine years ago (say 1850 or thereby). 
He was then a sailor on board Colonel Gascoigne's yacht 
' Myra.' He says that the yacht lay-to at some distance off the 
rock ; the yacht party went off in boats, and landed on part of 
the rock which slopes dotmi to tJu water's edge} After shooting 
a quantity of Cormorants, Kittiwakes, and Sea-Gulls, they 
returned. At ordinary times the seas wash over the rock, 
and it is only after very fine weather a lauding can be 
effected," 

Of a different nature altogether waa a very clever but 
insincere article printed in Chavibers's Journal, which related 
an entirely supposititious personal visit to the rock by a 
person who had never been there, and which was allowed to 
appear — as indeed it was supposed to be — as a genuine record. 
The article, indeed, was simply a rcsu7ni of Basil Hall's 
relation, and of what had previously been written — placed 
under the first personal pronoun — but, fortunately, in the few 
concluding lines the cloven hoof was detected, in the state- 
ment that the Little Auk was found to be nesting upon it. 
This promptly led to the detection of the fraud, We would 
not dwell upon this hoax at such length, were it not that 
years afterwards we find — so late as the 1st November IS'Ji 
— a correspondent Irom Lloyds' Agency (!) in a private letter, 
expressing himself thus, in reply to inquiries: "About the 
iest description of ilie roek I have ever perused appeared in a 
' lUlicsmtemiQO.-B,-B. 
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idical — 'CbamueBs's Jodknal,' a monthly jmilication 
yhthed at Edinburgh, . . . was from the. pen of a yacht imit 
Itnio, alow] tnih a companion, landed on the rock, having 

tivtyKd there by a steam-yacht. St gave a most grap) 
' d€terijaiffn," etc. 

This only shows how hard it is to " kill a lie," for it had 
been to all purpose killed — or maimed considerably — before, 
in The Annals of Scottish Natural Uistoi-y immediately after 
its issue. 

I am still of the opinion, however, without desiring 
be ultra- critical, that the mis-statemeats ought to hai 
received editorial reproof promptly, and that it is nol even 
too laie to " scotch " them. 

I have never seen the very good Admiralty chart (No4| 
iSTf, 18G1) — now unobtainable — and which gives views 
\ the rock and other information. 

At the Geological Museum, London, inquiries have been 

Lmade as to the geology of the rock, and they know absolutely 

■nothing about it (Miller Christy in letter, January 31, 1895). 

Now, as regards any slight information which I procured 

I in Fferiie — July 1894 — I give it as received. 

Herr H. 0. Miiller, who kindly assisted me in procuring 
lome of the notes from smack-owners and others, 
Kcoy hands the following note and a translation. 

Captain Johannes Hansen of Thorshavn was on Bockal 
I 1887. He says : " The rock is 70 feet high, steep on the 
ntorthward side, sloping to the contrary side 50 feet, with 
s (shelves). He went up on the east side, but could not 
get down again unless by the assistance of a rope. The birds 
he saw and took — as they were very tame — were members 
of Uria hruennichii. Aha torda, Fvhnar. and Great Shear- 
water. The Pnffmus major had their eggs deposited in holes 
\ in the rock. No vegetation. The rock was white over with 
I guano. The rock was solid. He does not think that the 
I sea ever washed over it. The depth of the sea where 
I hnded was 60 fathoms." The above was taken down 
I Danish, and translated by Herr H. C. Miiller for my benefit. 

Afterwards Mr Jena Olsen— Herr Miiller's son-in-law— "^ 
[the principal storekeeper and fishcurer in Thorshavn, wl 
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knows all the Fii?r6e captains who go to Kockall, added, 
■' Two crews from two vessGls lauded on this occasion ; " 
and there remained some slight discrepancy as to whether 
the Uria breiinnichii bred or not. (See condiisiou of our 
chapter on Itockall in the volume on the Outer Hebrides, 
page xciii, and the last sentence : " The egg, which was 
forwarded to Buckley for identiBcation, is that of a Guil- 
lemot." To this sentence, by Mr Buckley's goodness, I have 
since been able to add, "and is now in the collection at 
Dunipace." 1 have often looked at this egg, and compared 
it with those of Common Uuillemots and with Breunnicbs 
Guillemota. It certainly seems to agree more closely with 
the latter, but it is premature perhaps to lay sucb a luadiug 
point. Above written at date of t^bruary 25, 1895. — H.-B.) 

Mt Olsen has promised to get the captains interested to 
bring home, if tliey ever land, apecimeus of every egg and 
bird on Kockall, and also specimens of the rock itself, to be 
broken off with a hammer. 

Upon my return journey to Scotland, I had taken on board, 
on his consenting to work his passage and replace a dismissed 
member of the crew, one Mr Audreseu, a Foiiouse, and 
owner of three smacks, viz., the old yacht "Dauntless" of 
Cowes — a very tine old ship, — the " Flower of Essex," and a 
third. Ht Andresen desired to go to Scotland to see about 
a steam- alteration or adjustment of the " Dauntless," to suit 
goods and passengers and iutcr-coastal traltic amongst the 
Fa^roe Isles, and, if possible, obtain a contract of the mails. 

At intervals of time duriug our home-voyage, and as 
suddenly and casually as I deemed right, I interviewed 
him, begiuning thus, for instance as regards liuckall : First 
(juestion, suddenly, — " Have you been at Itockall i " " Yes, 
several times." Second question — "Have you landed?" 
" No ; but I have been with a crew, some of wliom did, last 
year : " then, " Last year, a brother iu partnership in our 
bjwt was at Bockall fishing." Third question — " How near 
were you to the rock ? " " About half a mile. One can 
very seldom land, and then only always with great difficulty 
iu east winds or calms ; hopeless with westerly wind. 
Usually only with the help of ropes tied round each man. 
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Ropes may be necessary at any time." Mr Andresen also I 
Bopplied the following further information, which was I 
vritten down immediately afterwards by me. 

In 1887 the crewa of the " Dolphin " (or " Delphin " ?) and I 
"Gauntlet" landed. The crew of the former once — and | 
"brought off a boat-load of eggs." The crew of the "Gauntlet," 
three weeks later, did the same. All the eggs were used I 
for food. 

Mr Andresen added, "The species of birds I could not | 
make out with any certainty except 'Mollies' — dark grey [ 
Mollii-s — but," he said decidedly, and more than once, " there 
'. kind of bird there not found in the i'^eroerne." He 
on to relate, " The iishermen catch mauy birds on lines 
— using them for food (?) and bait; also in traps set upon 
boards and bait«d, and lioatod ou the water — such as 
' Mollies.' The fishermen also usually carry two guns in J 
each boat, and some a rille, but the latter only foi' fun (i.i 
Bport)." Mr Andresen never saw any seals there. Mr ' 
Andresen believes that the seas break right over the rock 
in winter, and even in spring up to the end of April Hia 
boat or boats were there after the Ist of May. 

There is a shoal W.N.W. of the rock half a mile, and | 
..another outside that at 30 fathoms depth. 

AmoDgat a number of boats with sails set, Mr Andresen i 

scribes it as almost impossible to distinguish the rock 
''from the boats at a dislance; and Mr Andresen added, to tha j 
best of hia belief, " There are no surrounding shoals or reeb | 
except the above-mentioned." 

I make no comments upon Mr Andresen's narrative — 
only to say that it bore every appearance of a reliable 
personal inspection so far, and of his reliable knowledge, 
from fellow -smack 8 men, owners, and fishermen in Fieriie. 
He has promised every further help and assistance in hia 
power, should his vessels go out again to the bank fisheries 
of Itockall in 1895. 

Later, during another conversation I had with Mr Andresen, , 

H we crossed from Great Dimon of the Fa^rijea towards tha i 

^■^rkneys, he mentioned the names of several Grimsby owners i 

^^pid curers whose vessels make a practice of visiting tha^ | 

^ 1 
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Rockall eeaa, which craft likewise go from Grimsby to 
Iceland. These names have since been supplied to Mr John 
Cordeaiix, who has been ao kindly assisting in gathering up 
the strands of this Rockall query " up to date," and they are 
entered in my journals, for further use as opportunities 
may occur. 

So far 83 I have been able to ascertain, few, if any, of 
the Peterhead or Fraserburgh smacks ever ^'o out to RockalL 

In conclusion, I desire to say, if these notes — tentative 
and incomplete — serve any useful purpose, in time for the 
summer of 1895, apart from my own endeavours in the same 
direction, I will feel that they have not been altogether 
penned in vain. 



V, Ifole on Afusrle Fibre, Electrw Disc, and Motor Plate. 
By G. Cakkington Purvis, B.Sc, M.D, 

(ItwdlOtli January ISPS.) 

Some time ago, while examining the isolated striped 
muscle fibres of the Skate, I was much struck with certain 
appearances which these fibres presented, aud which seemed 
to me to afford a clue as to the primitive or original posiiion 
of the motor plate with respect to the muscle fibre itself. 

It is now well known that the electric organ of fishes is 
developed from muscle, and that each muscle fibre gives rise 
to one electric disc, cup, or plate in that organ ; also that the 
connective tissue between muscle fibres gives rise to the 
fibrous septa and gelatinous tissue which separate the discs 
from one another; and further, that the immense number of 
nerve branches entering the anterior face of the disc or con- 
cavity of tlie cup (in the cup-shaped variety of electric organ) 
in the Skate group are equivalent to the nerve ending in 
muscle, and which is commonly known as the motor plate. 

It happens, however, that whilst the nerve destined to 
supply the future electric disc, cup. or plate, always enters 
the club-shaped muscle fibre at one extremity, the nerve 
which supplies a muscle fibre (destined to remain as a 
muscle fibrej always enters the muscle laterally — in other 
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rorda, at right angles to the direction in which it enters tha | 
lisc, cup, or plate. 
It was therefore with no little surprise that I observed, 
I carefully examining the isolated muscle fibres of an adult 
Eate (probably S. batis, but unfoTtunately I did not make a 
lote of the species at the time), that one extremity was 
flightly larger than the other, and that this larger end was, | 
ffcrther, koUotvtd out ttr txcavaUd to a alight extent It is to 
this hollowing out that I especially wish to call attention. 
What doea it indicate ? la it a mere accidental condition, or 
does it point to a time when the muscle fibre, like the electric 
disc or cup, received its nerve supply at its anterior end ? 

To me this latter alternative seems to be the right explana- 
tion, viz., that the concavity at the end of the striped muscle 
fibre does indicate tiie primitive position of the motor plate. 

To account, therefore, for the present position of the motor 

plate, we have two alternative explanations, viz., (1) that the 

original anterior motor plate, or its equivalent (nerves to disc), 

has disappeared, and that the lateml or true motor plate of 

I muscle fibre is a secondary formation ; or (2) that the motor i 

k^ate is really the original one (or its equivalent), which has ' 

dually (in the course of ages) shifted its position till it J 

■Vow comea to occupy one side of the muscle fibre, aomewhera i 

)out the middle of its length. 

It would appear that a motor plate situated about thd ' 

intre of the fibre is more advantageously situated for 

purposes of quick contraction of the fibre than one situated 

it its extremity. Be this as it may, it is certain that all motor 

plates are situated about the centre of their respective fibres. 

One can imagine that, given all muscle fibres provided 

with nerve supplies at one of their extremities, and that 

under certain conditions, of which we are still wholly ' 

ignorant, some of the fibres developed into electric diaca, I 

which collectively constitute the electric organ, whilat ] 

others collectively went to form various groups of muscles,^ 
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and that in the latter a shifting of the nerve supply took 
place, it is also quite certain that do fish could possibly 
liave all, or even the larger part, of ita muscles transformed 
into electric organs, for the animal would at least be required 
to feed itself, and so move its jaws, and have some power of 
locomotion. These movements would of necessity insure some 
of its fibres reniniaing permanently as muscles. 

We have thus, in the development-history of the electric 
organ — (1) an indifferent stage, i.e., a stage iu which the 
fibres of future muscle and future electric organ are exactly 
alike ; this stage, however, is of short duration, for it is 
{'1) very quickly followed by one extremity of the fibres 
liecomiag club- or mace-shaped in those fibres which are 
destined to form the electric organ. This club-shaped condi- 
tion may \y& ^>ermanent, as in R. radiala, or (;!} may advance 
further and become either cup-shaped, as iu Haia eircutaria 
and J?, /idlonica, or (4) may become flattened out to form 
the complicated discs of Ji. batis and R. clavata, or (5) may 
be still further modified to form the simple hexagonal pktes 
of the Torpedo or Electric liay. 

It is a noteworthy fact that electric organs occur only in 
the fish group, and are practically confined to two sub- 
divisions of this group, viz., Elasmobranchs and Teleosteans ; 
also that in these fishes they do not occupy the same position 
in all genera, for whilst in the Skate section they occupy the 
tail regiou, in the closely related Torpedo they are in the 
head region — one organ on each side of the jaw. between the 
dorsal and ventral surfaces. This of course seems to show that 
the electric organs of the Skate aud Torpedo have not been 
inherited from a common ancestor. I'robably the electric 
organ of the Skate has been later in forming, as, according to 
Professor Ewart, it is still on its way to further development; 
and yet, if my theory be a correct one, the electric organ 
must have commenced developing before tiie motor plate — 
or rather its equivalent (the various nerve branchings) — had 
shifted its position to the centre of ihe muscle fibre, or at all 
events before the motor plate had lost its connection with 
the anterior extremity of the muscle fibre. It is almost certain 
that the motor plate of muscle fibre, aud the nerve endings 
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Id the auterlor or "eUctric layer" of the disc, are one and 
the same thiug. If such be really the case, though the point 
Tequires a little further investigation, then the diA'erence in 
"positiou of the nerve endings io electric disc and muscle 
fibre proper requires some explanation, and this I have 
^B Itteiopted to oUOr in this brief paper. 

t 
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L Retults of MeleoroloffiaU Ofmrratwna taken at BdinburgtM 
durijy 1S94. By K. C. Mossuak, K.K.S.K,J 
r.K.Met.tioc. 

(Read 20tl] Fobniary 1895.) 






During the past year obsBrvatious have been made at the 
usual hours of 9 a.m, and 9 r.M., and the results transmitted 
weekly and monthly to the Meteorological Oilice, I^ondon, 
and to the Registrar-tieQerul for Scotland, the latter being 
sent through the Scottish Meteorological Society. The 
instruments in use are practically the sairie as those 
I described in previous reports. A Furtin standard barometer 
llias, however, been substituted for the Kew marine barometer 
formerly employed; while one of Richard's self- registering 
min gauges (improved balance pattern) haa been added, at con- 
siderable expense, to the stock of instruments. The ordinary 
bi-daily observations are eye-readings, but automatic methods 
of registration yield contiauouii traces of the tiuctuationti in 
pressure, temperature, humidity, rain, and sunshine. The 
eylinders from which these records are obtained revolve once 
'% week. With the exception of sunshine values, no attempt 
been made to tabulate hourly readings from these records, 
but they are of considerable value for purposes of inter- 
polation and as a check on the eye-readings. The nunbaud 
observations continue to be made, as iji former years, at 9 A.M., 
Doon,3 l'.M.,and 6 P.M., the latter observation being dispensed 
with in the winter owing to the lack of auulight at that hour. 
The rainband ia not observed during the author's absence 
iftom home, as this work cannot conveniently be handed oveCi 
an assistant, aS is done with in other cases. 
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The reduction of the meteorological ohservntions tslcen 
at Edinburgh since 1764 continues to make satisfactory 
progress, but it is estimftted that another year will elapse 
before the long averages of all the climatic elements will be 
availnble. It has therefore been deemed unadvisable to 
make any alteration in the averages at present in use until 
all are completed. 



EeMARKS on the MErEOROLOGV OP 1894. 

January. — During the first week intense frost was experi- 
enced, the minimum temperature on the Gth being 13°'9 in 
the shade, while on the ground a reading of 9° was recorded. 
The maximum temperature for the 12 houra ending 9 p.m. of 
the 6th was only 17°'8. the lowest day value for at least 40 
years, the nearest approach to this low shade maximum 
being readings of 19'''8 on December 24 and 19° on 
December 25, 1861"!. Frequent snow showers accompanied 
the easterly winds during the first seven days of the month, 
during which time only half an hour's sunshine was registered, 
after which westerly winds prevailed till the close of the 
month, with a good deal of sunshine. Snow showers were 
again experienced during the last week. A slight thunder- 
storm occurred at 11.10 P.M. on the 30th. 

February. — The weather of February was very changeable. 
The rainfall was unprecedentedly heavy, falling aa it did on 
21 days to the amount of 6'81 inches. Severe gales were of 
frequent occurrence, and were usually followed by a brief 
spell of cold weather, with snow showers, A very rapid fall 
of the barometer commenced at 5 am. on Sunday the llth, 
with heavy rain ; and at 2 A.M. on Monday the I2th the low 
reading of 28-319 ' inches at 32" and sea-level was registered. 
An unusually rapid rise then set in, and in the one hour 
from 4 to 5 A.M. pressure rose 0-307 inch, as recorded by 
llichard's barograph, controlled by readings with the standard 
mercurial barometer. Consequent on a change of wind from 
E.S.K to S.W., Richard's thermograph registered a rise of 

' AH rendirgB of thn bsrometer (Hioleci b the text tra corr»otcd to 32', md 
rsduced to nican eea-IoteL 
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temperature from SY'S to 48°'0, or 10'''5 in the sevea 
xiinutes ending 1.10 P.M. on the 11th, Heavy raia fell oa 
the 17th, to the aoiount of 1'47 inch. Thunderstorma were 
recorded on the 24th and 25th, while au aurora was seen on 
the 2$th. Id diflerent parts of Ediuhurgh observations of 
rainfall have been made for 130 years. The wtitteat previous 
February was 1848, with 621 inches, or 160 inch less than 
was recorded during February 1894. 

March. — The earlier part of the month was very unsettled, 
with heavy westerly gales, accompanied by rain, snow, or 
sleet. After the 14th a spell of very fine weather was 
experienced, no rain being noted, whilst sunshine waa 
abundant and temperature high, readings of over 60° being 
registered on the 23rd, 29th, and 30th. The mean tempera- 
ture (44''-l) was the highest since 1882, while the bright 
sunshine recorded (171 hours) waa the greatest registered in 
this month in a record extending back to 1878. The nearest 
approach to this large amount was 146 hours in 1878, the 
smallest being 40 bout's for March 1888. Thimder waa 
heard on the 11th. 

April. — Daring the first half of the month easterly winds 
prevailed, only 36 hours' sunshine being registered up to the 
18th, after which sunshine was abundant. No gales were 
experienced, the only barometric depression of any depth 
being on the 24th, when the barometer fell a little below 
29'o inches. Frost was absent, the temperature in the shade 
never falling below 34°'3. the highest absolute minimum 
observed since 1867, when 36°-0 was recorded. The lueaa 
temperature (47°"6) was but a third of a degree lower than 
in the unusually warm April of 1S93, with which month it 
compares very favourably in other respects. 

May. — Unusually cold weather prevailed throughout May, 
nocturnal frosts giving a severe check to plant life. The 
mean temperature was 47°'l, being thus half a degree below 
that of April, a circumstance that has taken place on nine 
occasions since 1764, the last occurring in 1874. The 
maximum temperature recorded was ouly C4°'l, the lowest 
in May since 1885, when the temperature did not exceed 62°. 
Bright sunshine amounted to 170 hours, the only dull period 




e w ^ bk bcHF TT^ ad «■ the Sth rr& 

Ko «n we^ks «eaai«i aftv tfw Cnt wrA, 
I then ven ■■■7 A7> Aii Ht onerfiBgly daw; 
owing te Oe AoJnee af v^or-iapMr. BvidUI «m 
di^idy heluw IIm c^mge^ ia sfAe of tMicBtiil abmai m 
the Znd. Gth. 15tb, 20A, smI Slat, via OadeBtonn «m 
gy p ci i euued. The Mialtii Antag llw last veck wis ^mf 
tofgj, espedilly m the Boniags. tte ■fterBooos Meg on 
the whole mnnr. TUs b well dmwn from the recoida of 
uniubiDe from the 2oth to the Slst, daring which period the 
•no Rhone in the segregate aa only 3J boon before dooo, 
bnt OQ 22 hoars daring the aftonooB. 

Atffiut. — Cool and w«t weatber wen the leadioEf fntines 
of the meteorology of this OMntth. Kot a stugte wana daj 
WM recorded, the absolute maximnm of 68' registered on 
the 8th being the lowest since 1865, when the same low 
tnaximntn waa obaerred. Westerly winds blew during the 
fint three weeks, and were sometimes rather strong in forces 
Pnl! weather predominated. Thiinderstorms occurred on 
the Slii and 17th. 

Sfpttmiier. — Very dry weather was experienced tlironghoiit. 
no rain whatever fftlUng from the Cth to tlie 20th inclusive. 




Melffiroliigical OhsoTtiHons takm at Eilinhurgh. 

I'htle the downfall for the month was under half an inch, 
'ie smallest for September since 1860, when OSi inch fell, 
"arometric pressure was unusually hif;h and steady, and as 
Pi^essure was greater in the north than in the south of our 
'stands, the prevailing winds were easterly, which explains 
^be small amount of sunshine registered, viz., 91 hours. The 
**iean barometric pressure (30"22 inches) was the highest 
*>l>gerved in September during at least the last 55 years. 

Octoh^. — During the first three weeks tlie prevailing type 
of weather was anti-cyclonic, but as N.E. and E. winda pre- 
dominated, temperature was low and sunshine scanty, the 
total for the month being only G4 hours. The wind never 
a.ttained the force of a gale, the mean velocity being barely 
four miles per hour. A deep depre.'fsion passed over thfl 
north of Scotland on the 24th and 25tli, the barometer at 
midnight falling to 28'661 iuches. During the last fortnight 
there was only one dry day, over 2 inches of rain falling 
in this period. The first frost of the season was registered 
on the grass on the 3rd, and in the shade on the 23rd. 

Jfoveviber. — Unusually mild weather was experienced 
throughout, the mean temperature being 5° above the 
average, and the highest since 1881, Since 1764 only two 

Pilder Novembers have occurred, viz., those of 1818 and 
181, with mean temperatures of 4T°1 and 46°'3 respectively. 
'esterly winds blew well nigh persistently throughout, not 
a single observation of a N., N.E., or E. wind being recorded, 
whilst W. and S.W. blew on 22 days. Sunshine was 
abundant, and the greatest since 1879. liainfall was 
only hair the average, nearly all of which fell during 
the first fortnight. The unusual phenomenon of rain 
faUing from a cloudless sky was observed on the Itith, 
at 11 P.M. 

Dtcember. — The month was noteworthy for two excep- 
tionally severe storms, each involving the loss of many lives 
both on land and sea. That of the 21st to 22nd was, if any- 
thing, the more remarkable of the two, the barometer falling 
to the low level of 2812 inches at 6.30 A..M. of the 22od. on 
which day the increase of pressure from 8 a.h. to 2 p.u. 
tmonntfld to l'l)2 inch, or 017 inch per hour. The following 
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were the readings made at 9 a.m. and 9 p.m. on the three days 
covered by the two great storms of the month : — 

Barometer at 32° a^id Sea-Level. 





9 a.m. 


9 P.M. 


December 21, 


. 29*852 inchea. 


29-281 inches. 


M 22. . 


. 28-382 „ 


29-779 „ 


., 23. . 


. 29-941 „ 


29 930 ,. 


December 27. 


. 80-577 inches. 


30-624 inches. 


„ 28. . 


. 30-018 ., 


29-284 .. 


n 29. . 


. 28-939 .. 


29-249 .. 



The month was very dull, only 17 hoars' sunshine being 
registered. Temperature was 3"" above the avecage, while the 
rainfall was slightly below the mean. 

Noteworthy Phenomena in the Meteorology of 1894 

Highest barometric reading 30*759 inches, on January 3rd, 

at 9 P.M. 
Lowest barometric reading 28121 inches, on December 22nd, 

at 6 A.M. 
Highest temperature in shade 77''*5, on July 6th, at 

1 P.M. 

Lowest temperature in shade 13''*9, on January 6th, at 

8.30 A.M. 
Greatest range of temperature 31'''4, on March 29th. 
Least range of temperature 2°'7, on July 25th. 
Highest temperature in sun's rays (black bulb thermometer 

in va/mo) 130°'4, on July 6th. 
Greatest excess of sun maximum over shade maximum 63'''3, 

on May 29th. 
Lowest temperature on grass 9'''0. on January 6th. 
Greatest difference between minimum on grass and in shade 

9°*1, on November 2nd. 
Sunniest day June 21st, with 15 hours 6 minutes bright 

sunshine, being 87 per cent of the total possible. 
Stormiest day February 5th, average velocity of wind 25 

miles per hour. 
Greatest daily rainfall 1*47 inch, on February 16 th. 
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(BeadSOth March 189.1.) 



Ihti 
I. On the Occurrence of Sphenopteria communis, Lesqx., 
Britain. By K. Kidbton, F.R.S.E., F.G.S. [Plate I.] 
For some years I have had in my possession specimens of 
a sphenopteroiii fern from the Yorkshire Coal Field, which, 
from its fragmentary condition, I was unable to satisfactorily 
determine; but about two years ago I received from Dr Hind, 
Stoke-upon-Trent, more perfect specimens of the same species, 
from the Potteries Coal Field, Staffordshire, from which I was 
enabled to identify my fern as the Sphenopteria communis, 
Lesqx. 

There is often considerable difficulty in identifying 
Carboniferous ferns, and I think this is specially felt in 
connection with the sphenopteroid members of that class 
when dealing with figures and descriptions unassisted by 
authentic specimens 1 and it was only through the study of 
examples of SphsTtopteris commimis, Lesqx., from Washington 
County, Arkansas, kindly sent me by Mr R. D. Lacoe, 
Pittston (to whom I have to express my indebtedness in this, 
as on many other occasions, for similar help), that I recognised 
that the Staffordshire and Yorkshire specimens belonged to 
til at species. 

Before describing the fern, it ia desirable to make a few 
^remarks on the horizon from which the American specimens 
^MH« derived. 

^HBln the " Coal Flora of Pennsylvania," by the late Mr Leo 
^Rmquereux, vol. it., p. 667, 1880, he gives, in chapter v., a 
" Geographical Distribution of the Plants of the United States 
Coal-Measures. " This chapter is preceded by a " Table of 
Vertical Distribution," and in the introductory remarks to 
the table he gives a synopsis of the various horizons.' 

It is not my intention to analyse this table, but only to 
refer to some of the divisions which refer to the geological 
position of the American specimens of the plant under 
discussion. 
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The two principal divisions given by Lesi^uereux a 

I, Pre- Carbon ifeioUB. 
IL Coal-Measures proper. 

These are furblier divided aa follows : — 
1. I're- Carboniferous. 

1. Devonian. 

2. Pocono Sandstone. 

3. Sub- Con glomerate. 

4. Inter-Conglomerate. 

II. Coal-Measurea proper. 

1. Anthracite Fields. 

2. Bituminous Fields. 

In vol. iii. of the same work,' at page 883, a table brought 
up to date of publication is given, showing the distribution 
of the plants described in the three volumes on the United 
States Coal Flora. This is prefixed by "A List of the 
Species of Fossil Plants found at each Locality."^ 

Turning to the plants recorded from the Sub-Conglomerate 
of Arkansas,' from " various coal-beds of the same horizon," 
we find included the Sphenopieris communit, Lesqx. Asso- 
ciated with it are species, some of which in Britain, and, I 
believe, in Europe generally, are characteristic of, and 
restricted to, the Lower Carboniferous, and along with 
these a greater number of species which in Europe are 
characteristic of Upper Carboniferous Kocks, and to the 
Lower and Middle Coal-ileasures of that division. 

Such an admixture of species is so contrary to what 
Carboniferous Paheobotany has taught us in Europe, that 
one cannot help suspectiog that beds of very different ages, 
and which belong to more than one series, have been claAsed 
together under the term of Sub-Carbomfeious, and it appeal's 
to me that some of the rocks included by Lesquereux under 
this name belong to hia " Goal-Measures proper." 



'let. (it., p. 854. 
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The Stafibrdshire specimens of SpArnopieris eommunis came ^^| 
from the Lower Coal-Measures, and the Yorkshire examples 1 

belonging to the aame species originate from the Middle 
Ooal-Measures, and were collected by Mr W. Hemingway. 



ypHENOiTEKIS COMMUNIS, Losqx. 

[Plate 1.] 

. Sphenoplerit communii, Lesqi,, Coal Flota, vol. iii., p. 762, pL c 



[ 

^^- .Description. — Frond tripinnate or decompoimd ; primary (?) 
^^rinnte oblong lanceolate, close together; secondary pinnie 
linear, lanceolate, touching or slightly overlapping, and con- 
taining 9 to 12 tertiary pinnje. Tertiary pinufe oblong, with 
ronaded apices, and bearing oblong or rounded 
pioDnles more or less united to each other, or separated 
almost to the rachia on which they are decurrent. Veins 
distinct, bifurcating, somewhat distant, and running to the 
margin of the pinnule, which is slightly crenulate. Pinnules 
with roughened surface, probably caused by the presence of 
short, rigid, adpressed haira. Tiachis broad. Fructification 
indistinctly preserved on the Stafibrdshire specimens. 

Remarks. — The upper surface of the pinnules have a dull 
appearance, which, when examined under the lens, 
if caused by the presence of numerous close, rigid, short, 
adpressed hairs. The piunules have very much the villose 
appearance which is seen on many species of Pccoptci-is 
belonging to the C'yatheites group (Fig. 5). 

This character is not mentioned in the description given by 
Lesquereux, but is cleady seen on the specimens of Sphenop- 
Irris comviunis received from Mr Lacoe. The nervation is 
slightly flexuous and indented, and it is this character which 
produces the crenulate mai'gins of the pinnules. The pinnules 
form a decurrent margin ou the rachis, but the rachis of the 
primary pinnte on all my specimens is embedded in the 
matrix, so I am unable to ascertain whether it was winged 
or naked, though I am inclined to think it was not winged, 
. I cannot discover this character on the conesponding 
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pinnae of my American specimena On the fruiting speci- 
mens, which, however, are not very distinctly preserved, the 
rachis does not show any wing so far as I have been able to 
observe, but it is very broad. 

Fig. 4 gives an enlarged figure of a fruiting-pinna, and 
though badly preserved, it shows the general arrangement 
of the sporangia, from which one might be led to believe 
that the fern was Calymmatothecous, From the imperfect 
condition of the specimen, one cannot^ however, risk any 
conclusive opinion on this point, for some of the pinnse seem 
to indicate a gradual reduction of the limb, which seems to 
have entirely disappeared from those pinnules which bear 
the sporangia; but even in these cases the apparent dis- 
appearance of the limb may be due to imperfect preserva- 
tion. 

M^ thanks are due to Dr Hind and to Mr W. Hemingway 
for the specimens which form the subject of this com« 
munication. 

Horizon, — Lower Coal-Measures. From bed below the 
Moss Coal. 

Locality. — Lane End, Fenton, StafTordshire (Potteries Coal 
Field) (Dr Hind). 

^(>mon. —Middle Coal-Measures. Shale over BamsUy 
Thick Coal 

Locality, — Monckton Main Colliery, near Bamsley, York- 
shire (W. Hemingway). 



Explanation of Platk. 

Fig. 1. Sphenopteria annmunis, Lesqr. ; nat. size (B^g. No. 2081). 

Figs. 2 and 3. Tertiary pinns enlarged 4} times to show pinnule cutting and 
nervation. 

Fig. 4. Fruiting-pinna ; enlarged 4 times (Reg. No. 2083). 

Fig. 5. Surface of barren pinnule showing short ad pressed hairs ; enlarged.^ 

^ The figured specimens are in the author's collection. 
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311. IMomedea melanophrjB in the Faros Islands. By 

KsDU Andersen, Eaq. Comimmicated by W. E^GLB 

Clarke, F.LS., as requested. [Plates 11,, III ] 

(Bead 17tli April 1895.) 

f (The following paper waa forwarded to Mr Harvie-Brown, 

" r the author, accompanied by the stipulation, if it came to 

1 communicated and printed, that it must be printed in 

and was, with that understanding, offered to the 

iciety.] 

In the month of May 1894, Mr P. F. Petersen of Nalaoe, 
T'^eroe Islands, sent me an account of an Albatross, shot on, 
MyggenaeB Holm, which had been living there together with 
the Gannets for more than thirty years. Up to the time 
of writing, Mr Petersen had obtained no further information, 
especially with regard to the remarkable length of time 
during which it had been observed. In the beginning of 
July I received the skin of the bird. It proved to be a 
Diomedea mdanopkrifs, Boie, fully adult, in very fine 
plumage. When I got it, it was perfectly fresh, and beauti- 
fully prepared by Mr Petersen. At the same time, I waa 
^_iDfonned that the removed body had not been preserved. 
^^B Immediately on receiving the bird, I sent to Mr Petersen 
^H^ schedule containing a list of questions, intending to pro- 
^*Wire the fullest intelligence possible as to the life of the 
bird, but especially tlie reasons for asserting that it had 
lived on Myggenaes Holm during such a length of time. 
iJChe answers reached me in the beginning of November, 
wmpanied by a letter from Mr Petersen, stating that he 
isd sent my questions to Myggenaes, where they had been 
BBwered by Mr S, J. Joensen, a resident of that island. 
, The schedule was filled in as follows : '— 

"1. When was the Albatross shot? — ^It waa shot on the 
lith of May. 

" 2. Where was it shot 1 — It was shot on Myggenaes Holm 
bself, sitting among the Gannets, 

rt No^ 3 tiid i ue mBwereii liy Mr PeterseD of Nalaoe, tbe rest l.y Mr 
L I, Joenatn of Myggcuaes. 



92 Prijceediii'ja vf the Royal Pkysicat Society. ^^H 

" 3. I3 it a male or a female ? — A female. 

" 4. In the latter case, bad it then fully-developed ovaries ? 
— When opening the bird, I found the ovaries almost fully 
developed, 

" 5. Has only one person, or have several, observed the 
bird during the period of thirty years?— Many persons have 
observed the bird during a period of thirty-four years. 

" 6. Did it remain on, or near, Myygenaes during all these 
years, or did it, perhaps, roam among the islands ? — For 
aught I know, it has lived only on or near Myggenaes Holm 
during all this time. 

"7- JHd it stay at Myggenaes all the year round, or 
did it leave at certain eeasons, returning again regularly 
at other times ? — It stayed at Myggenaes only from spring 
to autumn, coming and leaving regahirly with the Oannets. 

" 8. Is it ascertained if there was only the one specimen ! 
— It is supposed that there was hut one bird of the kind, as 
only one has been seen at the same time. 

" 9. This being the case, and supposing the bird to be a 
female, is it known whether it has been nesting or breeding? 
— Nobody has seen it nesting or breeding, but it cannot 
be stated with any degree of certainty, as it always has 
lived among the Gannets, who are generally let alone from 
the beginning of the breeding season until the young are 



"10. Is it known what its food consisted of? — Xo, it is 
absolutely unknown. 

"11. Did it show any inclination to follow vessels or 
boats ? — It showed no inclination to follow small boats ; 
whether it ever followed vessels is unknown. 

" 12. Was it usually silent, or htis any one ever heard its 
cry? In the latter case, can the sound of it be expressed 
by letters or in any other way ? — It was silent, when 
observed ; its cry has never been heard. 

" 13. Am I to understand that it both lived with the 
Oannets and was seen tiying with them, or did it also seek 
the company of other birds ? In this case, of which 1 Or 
did it, perhaps, seem to prefer being alone ? — It lived with 
the Gannets, and flew tOijether with them. 
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" 14. Was it ever seen swimmiiig or diviug ? — No. 

" 15. Has any attempt been made to shoot it before now ? 
-No. 

" 16. Was it very shy, or was it possible to approach it ? 
— It was not more shy than the Gannets. 

" 17. Was it known during all these years to he an 
■Albatross ? Or was it only discovered lately ? — It has not 
Ven known as an Albatross until it was shot. 

" IS, Is any one sure of the time when the bird was first 
seen in the Freroe Islands; or why is it stated to be just or 
about thirty years, neither more nor less ? — It may be stated 
on good authority that it was seen on Myggenaea Holm for 
the first time in April or May 1S60; this year, 1894, being 
thus thirty-four years since it first was observed. 

" 19. Is it known whether tlie colour of its plumage had 
changed during this period ? For instance, whether the 
colour was darker many years ago ? — The colour has been 
the same during its stay here. 

"20. Is it possible to tell more abont the bird than has 
been inquired about here ? " 

There was no reply to the last question. 

Mr reteraen enclosed the following letter, received from 

fJoeusen together with tlie above-named answers : — 
"MVOOKNAEN, Oct. Ulh ISW. 
Having received some questions about the Albatross of 
Myggenaes. 1 write the following. . . , Herewith I enclose 
the answers to the questions, that you may learn what 
I know about it, 

"I have also seen another letter' containing questions 
referring to the Albatross. The letter was not addressed to 
me, but the questions were similar to yours. The writer, 
however, wanted the names of persons who had seen this 
bird during its long stay here, as also the name of the man 
who shot it. It was shot hy Johannes Frederik Joensen, 
and seen by Samuel Joensen, Jacob Jensen, Jacob Jacobsen, 
Hejne Jorgensen, Joen Joensen, jun., Joen Abralmmsen, Poul 

■Tlie aboTe-mmtioned letter was «ent by Mr Bergh, H.EM, Vin.Can«Ql 
■t ThDnliiTn, to tlie Rct. Job^lueti, Vugop, irho dirwardEil it to MyggcDiei ; 
</. p. «*■ 
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Abraham sen, Jacob laaksen, Datiiel Joensen, and others, 
who have observed it conatantly during a period of thirty- 
four yeara 

"Furthermore, I wish to tell you that in September 1891 
a curious young Gannet was caught; it was of a lighter grey 
than the young Oanneta, and had a bill like that of the 
Albatross — its wings resembled those of the Gannets. The 
men who saw it were surprised, and they believed it to be 
the young of that bird. 

"It was not known to be an Albatross until it was shot. 
The old folk called it the ' Sulkonge ' [Gaonet King]. 

"Samuel Johannes Joenseh." 

These two reports give most reliable information. I bare 
had no hesitation in giving Mr Joensen's answers and his 
letter in full, as both form and contents show how impartial 
bis words are, and how exact and conscientious he has been 
in writing down what he knew, neither more nor less. 

Long before I received above replies to my questions, 
Mr L. Bergh, H.B.M. Vice-Consul at Tliorshavn, promised 
me his valuable assistance in investigating the subject. In 
the following, Mr Bergh reports the results of his investi- 
gations : — 

"Tbob«havh, Ort. iitid 1894. 

"Your letter of the 13th ult. is to hand, and I shall be 
happy to give yon the information I have succeeded i 
obtaining up till now. 

" I was so fortunate as to meet a very reliable man frodj 
Myggenaes, by name of Jacob Isakseu, Kongabonde, on the" 
island, fifty years of age. He declared that he was perfectly 
certain that the Albatross had been at Myggenaes during 
thirty years at least, as he was about twenty when he first 
saw it and heard people speaking of it. Since that time he 
has seen it every year. It migrated with the Gannets 
regularly every autumn, returning with them in the spring, 

" More than this one specimen has never been seen. 

" It has never been seen nesting or breeding. 

" It lived among the Gannets on the lock, but whenever 
it approached they always moved away to make room for it, 
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and, according to his statement, it seemed to be among tbem 
only on suflferance; friendly relations did not appear to 
exist. 

" He has never seen it flying across the island, but ofteu 
over the sea, though never diving. 

" People did not like shooting it, but often tried to catch 
it alive, although they never succeeded. When anyone came 
to the bird's rock at night, it was always awake, and very 
shy when approached, while the Ganuets remained sleeping 
in their nests and were easily caught. 

"A young man of Sorvaag, Vaagoe, Hans Pauli Hansen 
by name, now married on the island of Myggenaes, observed 
it last summer sitting on a projecting rock. He aimed at it, 
without really intending to shoot it, but, though the distance 
was considerable, he bit it, and it fell down dead. 

" He had no further particulars to give as to its life and 
habits. 

"There is no doubt about the bird having lived at 
Myggenaes during a period of at least thirty years. I also 
distinctly remember having heard of the ' Siilekonge,' as it 
was usually called, shortly after coming to Thorshavu School, 
more than twenty-seven years ago. 

"As the Myggenaes people but rarely visit Thorshavn, 
and hardly ever during the winter, I have written to the 
niiniater at Vaagoe, if possible to investigate the subject 
further. As he, however, does not visit My^enaes until 
next summer, he baa sent your questions to a reliable man 
on the island, but it is very uncertain when I shall receive 
the answers to them. 

" For the present I send you above particulars : when I 
leara more about the subject, I shall write you again, 
B "Louis Bkroh." 



^P'Ab will be noticed, this account agrees with that of Mr 
Joensen, except in one point of no great importance — the 
name of the man who shot the bird is different 

But even this little difference was removed quicker than 
might have been expected. In December I obtained, through 
Mr Bergh, the report of the investigations made by tba 
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Eev. Mr JobaDsen of Vaagoe. They are written by a man 
at Myggeiiaea, Mr Joeii Abrahamsen, ooe of those who for 
years have watched the Albatross, and run as follows : — 

" 1. It is a fact that it was observed for the first time in 
18C0 by a party consisting of twelve or fourteen men, who 
came to Myggenaes Holm in the spring in search of Gannets. 
Since then it has been seen every year, especially by those 
who have been there to catch Gannets. That the period of 
its stay there is not stated at random may be proved by the 
fact that Kongsbonde Jacob Jensen saw it for the first time 
in 1860, when hunting Gannets, a year after his coufirmstiou. 

"2. Ko attempt has been made to shoot the bird during 
the period of its stay here, but attempts have been made to 
catch it at night, as the Ganneta are caught ; but aa it has 
not been found among them at night, this has always been 
a failure. However, it was again seen with the Gannets in 
the morning. It was once caugi)t with the bands alone. 
Men also attempted to catch it with the 'Flejestang,'' 
and nearly succeeded. The most important reason why no 
attempt had been made to kill it, was, that it always stayed 
with the Gannets, who, as well known, change the colour 
of their plumage several yeare during their growth from 
young to adult In colour it therefore greatly resembleii 
nne sort of Gaunet, its wings nnd bill only being different. 
For this reason most people took it for a strange Gaunet: 
Albatrosses they had never beard of." 

[3. The report of the spring and autumn migration 
repeated. 

4. Only one Albatross has been seen.] 

"5, Whether it has ever been nesting or breeding cannot 
be stated with any degree of certainty; it is supposed not to 
have done so, because nobody has seen it do so; people, 
however, do not like to disturb the Gannets from the time 
they are breeding until the yonng birds are about fledged. 

" 6. Many people have seen it, among others .Jacob Jensen, 
Kongsbonde; Jacob Jacobsen, sen., Odelsmand; Joen Joensen, 
Joen Abmhamaeu, Jacob laaksen, Samuel J. Joensen, It 

' The vrell-kDO-wn implenient vati in tlia Ferries to citcli 3»a-bird9 with— 
■ vary long ntivk, fumilbed with m i>eculitrly«li>|icil net. 
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Iras shot by Julmiines Frederik Joensen. These men are all 
rom Myggenaei" [The last-named man is undoubtedly the 
right uno. Mr Bergh has afterwards obtained confinnatoiy 
evidence from anotlier source.] 

" 7, As to its mode of life, especially its food, nothing iB 
known. It has lived bj turns in different parts of the islet: 
during the first years it resorted mostly to the northern part, 
where the Ganuets are found iu the greatest number, but 
lately it has been seen more frequently in the western part, 
vfhich is not so much occupied by the Gannets. And here 

tit was shot from a boat under tlie tocI;, when sitting among 
the Gannets' nests." 
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Diomedea mdanophryt beIonj;s to a small section of 
Albatrosses (ThalassarcJie, Rchb), that may be distinguislied 
as follows : — the bill is conaideralily compressed ; the cul- 
ininicom meets behind the rhinothecit; with the latericoru; 
the latter is broader at the I>ase than in the middle. Only 
four species of this group have liitherto been described: 
J), melanophri/s, J), immutabilis, D. mw«(n, and D. (jilliana 
{whose right to be included in this group is, perhaps, 
doubtful). When determining the species of the Fwriie bird, 
the last two species may be left out entirely. 

It has been questioned, however, by Mr J. A, Harvie- 
Itrown {Tkr Zoologist, September 1894, pp. 337, 338), whether 
the Myggenaes Albatross could be a 7?. mdanophrys or a 
D, imvivluhilis. Consequently it will be necessary to examine 
a little closer into this (juestion, and first of all to establish 

le points of difference between these two species. 

J), immuttthilis.^ that breeds in the island of Toysan in the 
lific Ocean, has just been established as a species in 1893 
the Hon. W. Kothschild. In the very short original 
description (Bull. Brit. Om. Club, No. ix., June Ist, 1893; in 
Ibi», 1893, p. 448), the following points are of importance 

i not »ett> any ipccimon of tliii ■[>«»:!» It U Rgured in Mr 
KcUilil'i AvifanQ* of Lsjiuid, bqt tbb nork hu out been actmibU 
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as distinguishing characters: — (1) in D. immtUabUis the 
first plumage of the young resembles that of the adult, in 
jD. melanophrys the two plumages are different; (2) in D. 
immutabilis the bill is "grey, darker at base, tip blackish- 
brown, base of under mandible pale yellow." The bill of 
the adult D, mdarwphrys is yellow, the tip of the tipper 
mandible only being often slightly darker.^ All other 
points in Mr Bothschild's description of D. immutabilis^ both 
with regard to colour and measurements, appear to me to 
apply just as well to D, melanophrys. It is evident that 
the two species are very closely allied; if they really are 
"species" is — at all events in this connection — of com- 
paratively subordinate importance ; the main thing is, that 
the two forms are separable. The first of the above- 
mentioned marks of distinction, important as it is in itself, 
is, of course, not applicable at the determination of the 
species of the Fseroe bird ; but with regard to the second, 
the latter bird corresponds exactly with D. melanophrys. 
This point must then be decisive, and, according to my 
opinion, it excludes all doubt as to the species of the 
Myggenaes Albatross. 

The colouring of the Faeroe D. melanophrys is as follows: — 
9 ad. (May 11) : Head, neck, wings, upper tail coverts, 
and entire under surface, white. A well marked^ dark 
transocular fascia, in front, over, and behind the eyes; 
this streak extends, in front of the eyes, to a greyish-black 
patch, slightly marked in front and below, where it gradually 
shades into white ; over the eyes the streak is black, behind 
them blue-grey, by and by shading into the white colour 
of the head. Back, greyish-black, paler in front, washed 
with bluish-grey, and here gradually shading into the white 
colour of the neck. Quills and wing coverts black ; shafts 

^ It is possible that a third mark of distinction might be alleged, rix., 
Mr Rothschild writes of D. immutabilis {loc. cit,): "space in front of the 
eye sooty black,'* but does not mention that this spot continues in a atreak 
oyer and behind the eyes. It is not qnite clear to me if from this may be 
inferred, that this stripe is constantly wanting in the Laysan Albatross. 
D. melaTiophrys has, as is well known, a dark eyebrow stripe, that often 
extends to a spot in front of the eyes ; sometimes— bnt not in the F»r5e bird 
— this marking is entirely wanting. 
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of quills whitish in the middle, tipped with black; the 
transition between these two colours formed by yellowish- 
white and brownish-yellow; under wing coverts mixed 
blackish and white. Tail greyish-black, paler, almost white 
at base ; shafts of tail feathers pure white. Bill yellow, the 
tip slightly darker; the soft skin bordering the extreme 
base of the bill makes a very narrow dark line all around. 
Feet (in a dried state) yellowish-brown, interdigital mem- 
brane yellowish-white, claws yellow. The measurements 
are as follows : — 

Bill, from frontal feathers ; cnrve of culmen, . 140*5 mm. 

„ „ „ chord of calmen, . , 118-5 ,, 

,, from anterior border of rhinotheos to tip of npper 

mandible; chord, 88 ,, 

,, lower mandible: Irom feathers on side to tip, 98 ,, 

,, width at anterior border of rhinotheese, 20 ,, 

„ ,, middle, \Z'^ ,, 

„ height at anterior border of rhinothecffi, . 36*5 ,, 

„ middle, 27 „ 

Wing, 529 „ 

Tail, 207 „ 

Tarsus, 79 ,, 

Inner toe, without claw, 88 ,, 

Middle toe, „ „ 108 „ 

Cater toe, „ „ 108*5 „ 

The young in first plumage have the head and neck 
ash-grey, the bill blue-black. They are grey in down ; 
bill brownish-black, tip paler ; feet yellowish-white. 



GKOGRAPHICAL DfSTRIBUTION. 

The observations as to the occurrence of the Albatrosses 
are scattered in many different places, but have never been 
collected into a general view of the distribution of the species. 
Only Professor Alph. Milne-Edwards (36) * has given some 
hints in this direction. Very often it is quite impossible, on 
the foundation of the scattered records, to draw the line 
between hahitual distribution and casual occurrence. When, 
in the following, I have attempted to give an outline of the 

^ This and similar figures refer to the " References," pp. 112-114. 
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geographical distribution of the present species,' it is — and 
can only be — a simple compilatiou of the present observa- 
tions; even niider the most favourable circumstances it will 
only be of value as a primary sketch, on which others, 
having access to richer and especially to more reliable 
materials, may build further. More detailed iDfomiatiou 
may be found in the " References," pp. 112-114. 

Atlitnlic Ocean. — On the eastern coast of Soutli America, 
Sperling (22) observed it not farther north than lat. 2-1° S, ; 
the "Novara" Expedition (v. Pelzein, 13), however, met with 
it a few miles farther north, in lat. 23" 9' S., about off llio 
Janeiro (two specimens shot August 4, 1857); this latitude 
is, as far as hitherto known, the northern boundary for its 
distribution in these regions, Fartlier south, on the eastern 
coast, only few observations are found (Kittlitz, 5). Near 
the Falkland Islands it is often seen. Along the south- 
western coast of Africa it has been met with, almost exactly 
as far north as on the opposite side of the Atlantic : Anders- 
sou (25) has seen it not unfrequently in Walwich Bay 
(lat. 23° S.) ; farther south it is very common, but most 
numerous, certainly, at the southern extremity of Africa — 
Table Bay, Cape of Good Hope, Fidse Bay, Capo Hanglip, 
and Cape Agulhas are localities often named. On the open 
Atlantic, Tschudi (4) saw it on his voyages not farther north 
than lat. 39' S., and not farther south than lat. 60°-51° S. 
The Zoological Museum of Copenha;_'en possesses, however. 
the skeleton of a specimen from lat 37° 20' S., long 7' 20' W. 
(nearly east of Tristan da Cunha) ; and the " Novara " Ex- 
pedition (v. PelKcIn, 13), records a specimen shot in lat. 
36° 22' S., 5" 29' E. (between Tristan da Cunha and the 
southern extremity of Africa, September 20, 1857). Probably 
Hutton (Ifi) has seen it still farther north, about lat. 34" S. 
(April 5), but the exact place is not stated. Tlius, accord- 
ing to the hitherto recorded observations, the northern and 

' It is hsnllj DecoMitry to oliserve, tlmt, M far H the Albntroasea are con- 
cemod, Idouot confine the meaning at the tenn " geogrniihical dislrilmlion" 
onir to cDtnprbe tlio breeding-places of l)ic apocies, hut uiiilcrainnd it a* 
aynonymona with tlieir nauol runj-G of diatribuliou, bolli in niiii uutsidt 
of lU« lireeding saason. 



^Bothe 



Dioruodea tneliinophrya in tin: Ftriw hlantls. 101 

nthern boundaries for the distribution of this speciea in the 
_ pen Atlantic, are about lat. 3-l°-3C° and 51° S. Gould (3) 
^ves it in round numbers as 35° aud 55° S. It seems, 
however, commonly to occur in greater numbers only between 
lat, 40° and 50° S. The northern range of D. mdatiophri/s 
in the open Atlantic may thus, from the hitherto known 
observations, be fixed as ofl' the southern extremity of Africa 
lat, 35° S.), while, on the coasts of the ocean, it extends 
ider lat. 23" S. Towards the south this Albatross has been 
)□, boUi in the open sea and along the coast, about as far 
fc off the southern extremity of America. 
flJndian Ocean. — Off the southern part of the east coast 
' Africa D. vielaniyphryi is very common. Sperling (22) 
wrds il8 northern range as lat. 26° S. It is included ii 
I lists of the birds of Madagascar (Milne-Kdwards and 
lodidier, 34; Sibbree, 48). On the ocean itself, Layard (9) 
' it north of Prince Edward and Crozet Islands (about 
lat 41° S., long 4G° E.). It has been observed several times 
in the vicinity of St Paul and Amsterdam (Schlegel, 11). 
^H^e Zoological Museum of Copenhagen owns the skeletons 
^H^ two specimens front lat. 3S° S., long. 74° 20' E., and of a 
Hprd from lat. 38" 14' S., long. 71' E. {m., west of the 
^^bove-named islands). Around Ker^-uelen Land it does 
not appear to be common; at all events it was not seen 
by the English, German, and American Expeditions to 
this place, undertaken to observe the trausit of Venus in 
1874-75 (Katon, ap. Sharpe, 33); whereas the "Challenger" 
Expedition brought home two specimens from Christmas 
Haibour, on the northern side of the island (about lat. 49' S., 
January 1874; Salvin, 31; Sclater 37); south of Heard 
Island it was not seen (lat. 53° 10' S. ; Murray, ap, Sclater, 
37). I do not know of any observations recorded from the 
open sea north of lat. 38° S. and south of lat. 63° S. Gould (2) 
mentions it among the birds of Western Australia, without 
giving any exact locality ; Layard (10) saw it now and then 
off the Bonthem coast of Australia, between Cape Leeuwin 
and Adelaide; Gould (3) found it nowhere more common 

II on the south coast of Tasmania. 
'aafie Oixan. — On the eastern coast of Australia D. 
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mdaiwphnjs bas been met with as far north as lat. 24*" S., 
at, Gladstone, Port Curtis, Queensland, though only on one 
occasion ^Ramsay, 30). Between the Australian Continent 
and New Zealand it is very common (Layard, 9). It was first 
introduced into the avifauna of New Zealand by Finsch (15) 
in 1867, Finsch (27) and Buller (46) both considering it as 
one of the most common species of Albatross in the waters 
around New Zealand. It is, moreover, observed in nearly 
all groups of islands to the east and south (Kennadec, 
Chatham, Bounty, Antipodes, Auckland, and, farthest south, 
Campbell Islands, about b^ S.). Its range extends surely 
far north of these islands. Layard (29) includes it in the 
Fiji Island avifauna, but only because a specimen is said to 
have been met with at Kadavu (lat 19° S.) ; farther north 
it has not been observed. From the wide stretch of water 
between New Zealand and South America, observations as 
to the occurrence of this bird are almost wanting. On the 
coast of Chili it is recorded from Talcahuano Bay (lat. 
35 r S.; Salvin, 39) and from Valparaiso (SS** S., August 
13, 1870; Sharpe, 35); the latter point seems to be the 
most northern locality where it has been observed on this 
coast; farther north, at Callao Bay, Peru (lat. 12° S.), occurs 
a closely allied species, D, irroraia (Salvin, Proe. Zool. Soc., 
1883, p. 430). Towards the south ic ranges beyond the 
southern extremity of America, as it has been seen by 
Buller (50) near the island of Diego Kamirez (lat. 56° S. ; 
March 16), by Tschudi (4) even in lat. 57^* 20' S., the most 
southern locality where the species has ever been observed. 

D. melanophrys is said to have been met with twice far 
north of its usual range. The first case is mentioned by 
Bean (38) : a specimen was seen, October 31, 1880, about 
1060 miles west of Cape Mendocino, California, in lat. 40"* 
30' K, long. 142° 23' W. For this reason the species has been 
included in the lists of the North American avifauna. It is 
not quite certain, I think, that the bird observed by Bean 
was a D, melanophrys and not a D, immutahilis} 

^ D. immutahilis has its breeding- places in the island of Laysan in the 
Pacific (about lat. 26^ N. ; Rothschild, Troc. Zool. Soc, 1893, p. 505); moreover, 
it has been met with at Miyakeshima, Japan (about 34'' K. ; Rothschild, Ibis, 
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I HegardJDg tbe second case, an account ia written by Mr ] 

Harvie-Brown {Tke Zooloi/ist, September 1894, pp. 

)38). A specimen was killed, June 15, 1878, in lat. 

"11' N., long 4° E., i.e., north-west of Spitzbei^en ; it was 

lented by Captain David Gray, of the steam whaler 

tclipae," to the Arbuthnot Muatum, Peterhead. Mr 

e-Brown informs me that this bird haa not been com- 

1 with specimens of I). immutabUis} 

Breeding- Places. 

I The first breeding-place known of this species was the 
ykland Islands. Gould (6) gives, in 1859, a description 
Ithe eggs from this place, being in doubt, however, whether 
ley belonged to D. melanophri/s or to Pkoehctria /■uliyiTWsa, 
ktptain Abbott (8J, who collected the eggs described by 
lould, gives a further account of the mailer a few years 
later, and it appears, from his reports, that the breeding- 
places he found were situated on some islets adjncent to 
(probably south of) East Falkland. Professor A. Newton (19) 
afterwards described the eggs of D. mclanophrys from these 
islands ; also llie " Challenger " Expedition (Sclater, 32) 
brought home eggs from the same place.^ 

When Professor Alph. Milne-Edwards (30) names Tierni del 
Fuego among the breeding-places of this species, it ia founded 
on a misunderstandiug of Captain Abbott's report {Ihis, 18C1, 

1894, p. 648). Jodgiug only from the Itttituile [JOJ" N.) where Beau observed 
bia AlbntroM, tll« GhBticaa would be gr»ler for a D. immaiabUia. Id Mb 
description of the bird, Bean lays; "The bill U ligbt; a dark etreak rani 
from the bill behind the eye ; " to which of the two species tboae wordx npply 
but I ahull not dvcide. If Benn's Albatroiis was a D. jwlanophrys, it is thu 
only iliatsDi;e ofiU occarring in the PaciSc north of the Equator. 

' Mr Uarrie-Brawn haa kindly sent me pbotoa of this hird. As far as the 
coloor of the bill inui be i;iiesat:d from photos, the I'otvrhcad Albstroas seems 
to me to lie ■ trne D. milaaoj/liTys, 

» U ia probable that Snow (Two Tenra" Cruise olT Tierra dol Fuego. 1857, 
vol. L, p. 110 1 vol. ii., p. 8€S] bsd olrcad; found tbia upecirs breeding in 
Wot Falkland [Keppel lalnnd). He does not, however, call the bird by 
its lystomatic name, but gives it the name of " Molly ma nk.'' a uam« 
bcatowed upon alt soutbcru Albatrosses with the eioejiLion of D. fj'iilaia (and 
Ttgia) nnil Ph. fuhyjumn. The few wotda he says about Ihu urst sgreo with 
Captiiu Abbott's dusciiption. 
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p. 165). Iij this place Captain Abbott writes: "This 
Albatross is seldom seen in East Falkland, but breeds in 
large numbers in the adjacent islands." With "adjacent 
islands " Captain Abbott means surely the islets immediately 
south of East Falkland, and not the comparatively distant 
Tierra del Fuego. 

Whether it breeds on Tristan da Cunha is very doubtful.^ 
Mr Sperling (22), indeed, insists on having obtained eggs of 
D. melanophrys from this place; but he has evidently identified 
the bird from the eggs. The eggs of this species are, however, 
not to be distinguished with certainty from those of D. chloror- 
hyncha {cf. Layard, Ibis, 1869, p. 377). Moseley (" Notes by a 
Naturalist," pp. 129, 130) calls the Molly mauk breeding on 
the Tristan group (Nightingale Island) D, ctUminata, though 
the colour of the bill, according to his description, seems 
rather to indicate D. chlororhyncha ; ^ while Murray (ap. 
Sclater, 37) mentions it as B. cMororhyncha. The Albatross 
eggs collected on Nightingale Island and Tristan da Cunha 
by the ** Challenger " Expedition are by Sclater (32) assigned 
to " Diomedea sp. inc." In reality there is thus no other 
evidence than Sperling's, which rests on very weak founda- 
tion, for supposing that D, melanophrys breeds on the 
Tristan group. 

Still smaller reason is there to believe that it breeds on 
the Prince Edward Islands. Milne-Edwards (36) certainly 
insists on it, but refers to Hutton only {Ibis, 1865, p. 283). 
Professor Hutton, however, says just the contrary: **It is 
never seen on the Prince Edward Islands." On Keiguelen 
Land it has never been found breeding. 

^ Captain Garmichael (Trans. LIdd. Soc, vol. xii., 1817, p. 489) mentions 
four species of Diomedea as breeding there: spadicea, czulans, Mororhyncha, 
and fuliginosa; as spadicca and exulans must be considered as synonymous, 
there are consequently but three in number. Carmichael's work appeared 
twenty-one years before Temminck published the description of D, 
i/ielanophrys. When Hutton (12) nevertheless quotes the authority of 
Garmichael for stating that the latter species breeds on Tristan da Cunha, 
it is surely because Hutton is inclined to believe that Z>. melanophrys, 
Mororhyncha, and eulminala are the same 8[)ecies. 

^ Possibly Moseley considers the D. cidminata and chlororhyncha as 
synonymous; at all events the latter species is not named a single time in his 
'* Notes" from the ** Challenger" Exi»edition. 
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It is certain, however, that breedin^-placea are found oa 
some islands in the vicinity of New Zealand. Mr Dougall 
(Buller, 46) found it breeding in the Auckland, Campbell, 
and Antipodes Inlands; in the Onmpbell Islands hundreds of 
nests were seen, at from about 700 to 1000 feet above sei»- 
level. Mr I'otts (26) also mentions it as breeding in the 
Aneklands; Uuller ("Birds of New Zealand," vol. ii., 1888, 
p. 1'I7) also names the Bounty Islands. Probable breediny- 
placea are the Kerniadec Islands (Cheeseman, 47) and the 
CiiatJiam Islands (Travets, 21, I'itt Island; Buller, 5fi), 

Captain Abbott (8) describes the nest as "raised of mud 
to nearly a foot high from the ground." Dougall (ap. Buller, 
46) says, on the contrary, that it is " built up of moss and 
earth about four inches above the surface of the ground " ; 
the material of which the nest is made is "so taken from the 
soil as to leave a trench all round it, and this keeps things 
dry," 

The eggs mentioned by Professor A. Newton (19) were 
" white, with blotches, a few spots and multitudinous specks 
of reddish-brown," the markings being especially collected 
at the larger end; their size was 4'l}ax2'6I, and 4x2'57 
inches. The larger of two eggs measured by Buller was 

I'i X 22 inches. The period of incubation is said to be 
»ty days (Dougall, ap. Buller, 46), 



The Albatboss of MvGGENAKa Holm. 



After the detailed reports of Mr Bergh, British Vice- 
Consul, and of Mr Joensen, it is evident that the Myggenaes 
Albatross has lived iu the Fiiaroe Islands for a period of thirty- 
four years. As might have been expected, the accounts do 
not mention how it came there. If this Albatross had only 
been seen or killed in the northern part of the Atlantic, 
tbere would have been nothing very extraordinary in such 
a fact; it would, in this respect, have had several pre- 
decessors: a D. exulaTis was killed at Dieppe about 1830 
(Degl.,Or?t. £ur., u., p. 357) ; another near Antwerp, September 
1833 (/m, 1835, p. 259); a D. chlororhyncka was shot at 
Stockwilh, near Gainsborough on the Trent, November 23, 
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1836 {Tlu! Analyst, vi.. pp. 160. lUl); another bird of 
same species, at Vestmanoe, on the southern coast of Iceland, 
about 1843 (the skeleton in the Museum of Co^ienbageii) ; 
a D. culminata was caught on the ice, April 1837, at Fiskum- 
vand, Eker, in Norway (preserved in the Christiania Museum). 
When we add the ahove-mentioned D. melav^hrys, shot 
north-west of Spilzbei^en iu June 1878, it will be seen that, 
in the course of about fifty years, no leas than six Albatrosses, 
of four different species, have occurred in the northern part 
of the Atlantic.' But in all these cases there is no reason 
to believe anything but that they have been accidental 
visitors. The case of the Myggenaes Albatross is, however, 
quite different: it is the only instance of a southern 
Albatross, not only flying far away from its home, but choosing 
a new home in a northern latitude, and settling among birds 
of a quite different species, and which year by year, for more 
than a generation, migrates and returns to the same spot. It 
is this that makes the case interesting, and makes it worth 
while regarding this rock in the far north more closely, to 
see what conditions of living it may offer to an Albatross. 

My^enaes Holm is the small islet — the most western of 
the Fseidese — situated in the immediate neighbourhood of the 
western coast of Myggenaes, in lat. 62" 8' N. In his classic 
" Foraog til en Beskrivelse over Fierierne " (" Attempt at a 
Description of the Fcerije Islands," Copenhagen, 1800), .Torgen 
Landt mentions it as follows (pp. 73, 74):^ — ■" Myggenaes Holm 
is situated to the west of Myggenaes, at a distance of 20 
fathoms ; it ia evident that it has lieen torn from this island 
by some revolution of Nature; the islet is nearly a mile in 
length and 1600 feet wide, and consists of closely joined 
basaltic rocks ; this is seen especially on the southern side ; 
to the west or north-west it is about 30 fathoms high, and 
around it are several projecting rocks, called ' Drengur,' 

' I have only liore given the moat undoiibted ililea, lu The ZcmlogUt, 
1871 and 1S7H, ale fuiind two mtn: "Albitroas io Derbyshire," and 
" yelloff'DObeii Albatroaa in Derbyahire " ; I Jo not know vhether thej 
racoid aDjlhiug aev. Via Kcmpeu (Bull. Soc. ZudI. France, lir., ISSS, 
p. 106) meations a I'luicbciria /ulininma fiom Duiikerquv, but utisracloij 
account gr ita Ljslory is wauting. An Albattimt, sceu by Ut Uai'viu-Brown 
In 1801, remains to be mentioitcii. 
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This is the ooly place in the Fceroes where the large aquatic 
bird, Ute Oaiinet {Pdieanm bassamis), has its home. From 
the north-west the island slopes gently to the south, like oua 
side of the roof of a house. . , ." The islet is quite un- 
inhabited, and is only used as pasture for oxen and sheep. 
The grass which covers its surface, but not the declivities 
eloping seaward, is uncommonly thick and luxuriant. It la 
said that the Ganuets only live and breed on the north and 
west side of the islet, and on two adjacent rocks, " Puigara- 
drungur" and " Fleatidrengur." It must be granted that 
the natural surroundings of this rocky islet would appear 
rather home-like to an Albatross. For nesting in the 
southern seas, it selects just such rocky islets or single 
^Kjcks, though often considerably higher than Myggenaea 
^^Holiu and its " Krengur." The nests, which Mr Dougall 
^Ipimd on Oampbtill Island, were on the slopes of Mount 
^^Boney; the breeding-place on Keppel Island in West 
Falkland, described by Snow, was also situated on a pre- 
cipitous rock; in short, all the breeding-places known are in 
^^luilar places. 

^^■TliQ Gannets among whom it settled are certainly, in 
^HfcQctural characters, highly diffeient from their soiitheru 
^^Hest, but leas in their habits of life. Like the Albatrosses, 
they are strong and persevering tilers, ouly resting on level 
gi-ound in the utmost need ; they breed in colonies, on rocky 
coasts by the open sea, and make nests in the form of a 
llattened cone, and with a shallow terminal cavity for tlieir 
only egg. Among northern sea-birds, the Albatross could 
■dly find any species whose mode of life resembled its 
I more closely ; in so far it is easy to understand that it 
home among the tJannets, Nor has the aquatic 
jfumia in the Fierfie Islands been quite unknown to the 
latross; several of the northern aeabirds — not the species, 
I the types — are found again in the southern seas, for 
tance, Gannets, Cormorants, Petrels, Skuas, Gulls. 
■Kor have the climatic conditions, or the I'uod, been more 
[avourable to its stay here, than the natural surroundings. 
The climate of the Atlantic in lat. 5V'5Z° S. (Falkland | 
Islands), and of the Pacific in lat. 49°-53'' S. (the New 
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Zealand breeding- pi aces), doea not differ essentiallj from tbat 
of the FiEitieB, But even if the difference had been greater, 
a seabitd that, iu the Pacific, has been seen from lat. 19" to 
57° S., would easily adapt itself to the changed conditions. 
The food of the Albatrosses consists of oceanic molluscs, 
Crustacea, and meduaie, and also of dead animals that happen 
to float on the surface of the water; the former being their 
essential food. We can hardly suppose the North Atlantic 
to be poorer in this respect than, for instance, the corre- 
sponding part of the Pacific, where Albatrosses abound 
{D. albalriis, yiifftipes)} There is abundant reason to believe 
that the sea around the Tfcroe Islands is especially rich in 
peliigic animal life. Mr Dickson's latest researches' have 
proved bhat iu the summer a wide current passes from tiie 
open Atlantic through the channel between the Fteroea and 
the Shetlands, turns around the latter group, and runs along 
the east coast of Scotland ; this current certainly carries 
along an immense number of these pelagic organisms. 

It is worth noticing that B. melanophrys, also elsewhere, 
shows inclination to roam and settle north of its usual home. 
The above-mentioned closely allied species, ]). irrorata and 
D. immutabilis, may safely be considered as having sprung 
from the principal species of D. vteiannphri/a, as compamtively 
new colonies, sent out from the original southern colony, one 
soutli of, the other far north of, the E(|uator, in the Pacific 
About the distribution of the first species very little is 
known ; the latter has undoubtedly settled permanently in 
the northern part of the ocean. Suppose this assertion to 
be true, and it will be another proof of the capacity of the 
species to adapt itself to new surroundings and to a new 
climate, another evidence tbat the region where it finds 
surticient food must extend very far, and only depend 
slightly on the geographical latitude. 

■ Cf. Ergelinisse tier in dum Atlantischen Oceua von UitU Juli bia AnTtng 
Novl'r. ISSO ausj^r. Plank tou-E:c[>editi(jn ; henuageg. v. V. HenBen, 
1892 >79. 

' Twc^lftb Annual Krport of t!io Fisliery Bonrci for ScotlmJ, being for tha 
year 1893, part iii, , 1i:dialjurgh, \S9i; Ueport ot riiyairal Invest igalions 
carried ont on WirJ U.M.S. " Jiii:kit1," ]a93-<)l, by II. M. Dickson, 
pj,. 313-309. 
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All the above-mentioned accoants agree as to the fact 
that the Albatross at Myggenaea migrated with the Gannets 
in the autumn (Xovember), returniDg with them in the 
spring (February). Scarcely anything has been heard froiu 
other places about the migrating of the Albatrosses. It is 
certain that they leave the colonies after the breeding season, 
anil that the rest of the year is spent over the sea, on the 
surface of which they probably sleep {(/. Hiitton, 16) ; 
within certain latitudes their roamings even extend around 
the earth ; but if tliey assume the character of regular 
migrations, or if they only are guided in any direction, 
wherever they happen to find an abundance of food, is not 
quite established. It is said, however, about the species in 
the Xorthem Pacific, that they occur in the seas around 
Kamtcbetka and Okhotsh at certain seasons, and reium 
south at the end of a few weeks. This, compared with the 
habits of the Myggenaes Albatross, mijjht perhaps indicate 
that the " roamings " are more than accidental. 

A very important side of the bird's life has not yet been 
elucidated. To the question whether the Albatross has ever 
been seen breeding on Myggenaea Holm, Mr Bergh'a in- 
formant gives a decided negative answer, while both Mr 
Joensen and Mr Abrahamsen more cautiously reply: "it 
cannot be stated with any degree of certainty." It cannot 
be denied, thai it would be very strange, if the bird volun- 
tarily had given np the instinct of breeding for so long 
a perioti. And what motive should have taken it back, 
year after yenr. to the very same islet, but the instinct 
which directs all other birds from their winter quarters to 
the breeding- places ? I have not the slightest doubt that 
the answer is given at the end of Mr Joeusen'a letter, in his 
account of the "curious young Gannet." Of course, we can 
only surmise what this " young Gannet " has been ; it has 
certainly perished long ago ; but I think the few words said 
nboat it are sufBcieut to lead us into the right track. Only 
three possibilities may he conjectured : it has been an 
abnormal young, a hybrid, or an Albatross. That it was a 
deformed yonng Gannet is not very probable. It is expressly 
Btated that it " had a bill like that of the Albatross," there- 
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fore probably with nasal tubes and curved upper mandible ; 
but even supposing that Mr Joeasen has observed only the 
last fact, he adds that it also differed in colour from the 
young Gannets ; both deviations, ie., that of bill and colour, 
cannot easily be supposed united in the same abnormity. 
It is just as unlikely to have been a hybrid between 
two birds differing as widely as a Gannet and an Albatross, 
species that are no more closely allied than Penguin and 
Diver, far more different than cat and dog. Only the third 
possibility remains: it has been a young Albatross; every 
item in the short description corresponds ; the bird-catchers 
of Myggenaes have surely been right in supposing it to be 
''the young of that bird." Its being the single specimen 
of its species in the island does not speak against it It is 
said to migrate every year to the south with the Gannets, 
i.e., its migration occurred at the same time as that of these 
birds ; but it is not probable that it has accompanied them 
constantly during the winter season, if only for the reason 
that its food is different in kind from that of the Gannets. 
It is more likely that the Albatross, as a more powerful flier, 
has ranged considerably farther south, far beyond the 
Equator; and here it would meet with birds of its own 
species, just at the beginning, or immediately before, the 
breeding season on the southern hemisphere ; here it prob- 
ably dwelt until its instinct again took it back to Myggenaes 
Holm. There is even a probability that it, at least once, has 
been accompanied by a mate : perhaps the Albatross shot at 
Spitzbergen, a bird in full plumage, consequently capable of 
breeding, may have accompanied it to the northern latitudes. 
At all events, it must have passed the FsBioe Islands on its 
way to Spitzbergen. In this connection I shall mention an 
observation by Mr Harvie-Brown, published in The Zoologist 
(September 1894, pp. 337, 338) : off the Orkneys, twenty 
miles from land, he saw (July 18, 1894) an undoubted 
Albatross of the same size as the one living in the Faeroe 
Islands, but " distinctly an immature bird ** ; perhaps a full- 
grown young of the Albatross of Myggenaes Holm ! 

But if an Albatross can exist on the Fseroe Islands during 
so many years, and breed there, the question suggests itself: 
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fby has this family no reprepentatives at all Id ilie northem 
t of the Atlantic I There are species of it in the Xoitheni 
wific (even sometimes as far nottb as lat. 64J' X.)> ^^^ >° 
soiitbera part of this ocean, as well as in the South 
tlantic; only ia the northern part of this ocean they are 
itirely ^'anting, at all events at present.* There are, 
wever, many examples on this kind of inequality of 
ograpliical distribntJon. I shall jast note one: Why are 
ypolais icteriiui and Alaiida a-itiala common breeding 
rds on this side of the Channel, bnt only nue and 
cidental visitors in Great Britain ? The cause of this 
vagary" in distribution that is found among birds as welt 
I among other vertebrates, in families as in genera and 
ecies, is very ditlicuit to find, whether looked upon from 
biological or a geological point of view; the time when 
B zoo-geographical riddles will be solved is sorely far off 
ill. As for the Albatrosses, Professor Milne-Edwards (3G) 
inks to find the cause in the distribution of the pelagic 
uals, their food. The Myggenaes Albatross has, however, 
eked up a living for a considerable number of years id the 
rth latitudes of the Atlantic, and would scarcely have 
turned constantly if it had experienced a want of food; 
r does the distribntion of the aquatic Mammalia (or of 
tain fishes, e.ff., Selachus mnzimita), that essentially feed 
1 the same organisms, S|>eak for their being found iu less 
nindance there than elsewhere. Perhaps the cause is 
iher the want of really good breeding-places for the 
Ibatrosses. The northern part of the Alljintic does not 
lOund in high, uninhabited, rocky islets, aulficiently 
llated, and situated at such a distance from the Continent, 
; these birds might select them for their colanicg; the 
yggenaes Albatross has only proved that a single bird 
live and breed there, but not that the FiEroes are 

0( Lydekker'a Diomrdea nngliai (Quart. Joam, Ceol, Soc, vol. xlii,, 
t, pp. 306, 367, Sig. 2; toi Cat. Fosa. Birds Brit. Mus., 1881, pp. 189, 
Bg. 12) from the Upper Pliocena (Red Crag) ut Foxball, Suffolk, onlj ong 
i-melnttrsDH with the usocistcd proiimsl philnngeal of the rottrtb digit 
knovD. The history of the Myggenaes AlbntroBs shows ho<r ciirafal it it 
,ry tn be ia ilrawing iuf«reni;e8 froru n siogle discuviry. 
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adapted to Albatross colonies. This is the case with the 
Northern Pacific, and still more so with the southern seas, 
where the centre of the distribution of the family is found. 

The following " References " give the sura total of what 
is known about Diomedeu m^lanophrys, especially as to its 
geographical distribution and breeding-places, as far as works 
on the subject have been accessible to me : — 

1. Temminck, PL CoL (TOiseaux, livr. 77, pi. 456 (1838). 

2. QouLD, in Qray, Jour. Two Exped, Disc. N, W. and W. 

Austr., p. 420 (1841). (W. Australia.) 

3. Gould, Birds of Australia, pi. 43 (1848). (Atlantic and 

Pacific, lat 35'*-65- S.) 

4. TscHUDi, Jour. /. Orn., 1856, pp. 156, 157, 158, 161. 

(Notes from South Seas.) 

5. KiTTLiTZ, Denkw, ein, Reise n. dem ruse. Amerika, eta, i, 

p]). lOi, 105 (1858). (S.E. America.) 

6. Gould, Proc, Zool. Soc., 1859, p. 98. (Eggs from Falklands.) 

7. ScLATER, Proc, Zool Soe., 1860, p. 390. 

8. Abbott, Ibis, 1861, p. 165. (BreediDg-place in Falklands.) 

9. Layard, Ibis, 1862, pp. 97, 98, 99. (Notes from South Seaa.) 

10. Layard, Ibis, 1863, pp. 245, 247, 249. (Notes from South 

Seas.) 

11. ScHLBGEL, Mus. Pays-Bos, Procell., pp. 33, 34 (1863). 

(St Paul and Amsterdam, 42° 40' S., 12* 4' W.; Cape.) 

12. Button, Ibis, 1865, pp. 281, 283. (Note-i from South Seas.) 

13. v. Pelzelx, Reise d. osierr. Freg. Novara, Vogel, p. 148 

(1865). 

14. CouES, Proc. Ac. Nat, Sc. Philad., 1866, p. 181. 

15. FiNSCH, Jour.f, Om., 1867, pp. 338, 347. (New Zealand.) 

16. Hutton, Ibis, 1867, pp. 185, 191, 192. (Notes from South 

SeaF.) 

17. Hutton, Trails. New Zeal Inst., 1868, vol. L, p. 105. 

(Great Barrier Island.) 

18. Sperling, Ibis, 1868, p. 295. (S. Africa.) 

19. A. Nkwton, Ibis, 1870, p. 503. (Eggs from Falklands.) 

20. FiNscii, Jour. /. Om., 1870, p. 375. (New Zealand; Great 

Barrier Island.) 

21. H. & W. Travers. Trails. New Zeal Inst., 1872, vol. v., 

p. 219. (Pitt Island; Chathama) 
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Spmlino, /*i», 1872. pp. 75. 7ti. ("Trifltan da Cunha" 

XotfiB on Distribution.) 
HtrrroN, /iw, 1872, p. 248. (Chtttharas.) 
FiiiacH, Joar.f. Om., 1872, p. 254. (New Zealand.) 
AsDEBsaoN, Bird$ of Samara Land, p. 356 (1S72). 
Porra, Trajia. JVeio Zeal. Inst., 1873. vol. vi., pp. 139, 159. " 

(Egg from AQckland§.) 
Fmaoa, Jmm: f. Orn., 1874. pp. 173, 206. (New Zealand; 

C baths ma.) 
Shabpe, Voynge "Erebiia" and "Terror," Biri/t, App. p. 3S 

(1875). (New Zealand.) 
Latabd, Ibig, 187fi, p. 393 ; Proc. Zool. Sloe., 1876, p. 508. 

(Eandavui Fijis.) 
Ramsay. Proc. Zool. Soc , 1S77, p. 348. (Oladjtone; Port \ 

Cartiss ; Queensland.) 
Salvin, Proc. Zoo!.. Soc, 1878, p. 740, (Ctiriatmas Harbour; 

Kergaelen. ) 
Sct^TEB. Proc. Zool. Soe., 1879, p. 610. (Egga from I 

Falklande.) i 

Shabpe, Phil. Trana. Roy. Soe.,vo\. cliviii., pp. US, 147 , 

(1879). (Kergiielen.) 
MtLHB-BDWAaDB and (jbandidikr, Hist. luxl. d. oin. de 

Madagascar, t. i., pp. 669, 670 (1879). 
Sharpe, Proc. Zool. A'oc, 1881, p. 12. (Valparaiso.) 
Milne-Ed WARDS, Ann. .S'c, Nat. Zool., b6t. 6, t Jtii, art, 7, 

pp. 8, 9, carte 2 (1881). (Notes on Oeographioal Dig- I 

tributioQ and Bpeediog-places. ) 
SCLATRR, Beporl an /im/s— "Challenger," p. 148 (1881). 
Bban, Proc. Un. St. Ufal. Mui., 1882, pp. 144, 170, 171, 173. 

(Lat 40° 30' N„ long. 142° 23' W.) 
Saltin, Proc. Zool. Soc., 1683, p. 430. (Talcahnano Bay; j 

Chili.) 
Baird, Bbewkr, Ridowav, Water-Btrdg N. Amer., vol, iL, 

p. 357 (1884). 
BBISrHKK, Tranx. New Zeal. Inst.. 1884, vol xvii., p. 191. I 

(Dusky Sound.) 
Latakd, aHABPE, Birds of South Africa, pp. 772 (1884). 
Hamilton. Tram. New Zeid. Inst., 1885, vol. xvlit., p. 121 

(Hawkea Bay.) 
BiDQWAV, Man. North Am«r. Binfn, pp. 51, 52, pi. xiii,, 

fig. 2 (1887). 
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45. Gkeen, Ocean Birds, pp. 13, 15, Ub. iii., fig. 7 (1887). 

46. BuLLER, Birds of New Zealand^ 2nd edition, voL ii., pp. 

198-200, 293 (1888). 

47. CuEESBMAN, Trans. Hew Zeal. Inst,^ 1890, vol. xxiii., p. 224. 

(Kermadecs.) 

48. SiBBRBB, Ibis, 1892, p. 273. (Madagascar.) 

49. Forbes, Ibis, 1893, p. 541. (Chathams.) 

50. Duller, Trans, New Zeal Inst., 1893, vol. xzvi., pp. 186, 

187. (Notes from South Seas.) 

51. A Newton, Dictionary of Birds, part ii., pp. 530, 631, art. 

"Mallemuck" (1893). 



IX. A List of Phalangidea {Harvestmen) and Chemetidea 
{False-Scorpions) collected in the Nev/hbourfiood of Edin- 
burgh. By George H. Carpenter, B.Sc., and William 
Evans, F.R.S.E. 

(Read 17th April 1895.) 

[Note by W. Evans. — The records contained in the following 
paper are based mainly on specimens obtained by me while 
collecting material for the list of Edinburgh Spiders prepared 
by Mr Carpenter and myself, and published by the Boyal 
Physical Society last summer {Proceedings, vol. xii., page 527). 

In the early stages of that investigation, little or no atten- 
tion was paid to the two groups of Arachnids now under 
consideration, and at no time were they so systematically 
searched for as the Spiders, consequently the number of 
specimens preserved for examination was relatively much 
smaller. Since the publication of the Spider paper, however, 
I have been able to add very considerably to the Phalangid 
data, which may now be held to be fairly representative. I 
wish I could say the same of the Chemetidea, the data for 
which is most inadequate, and makes me doubt the wisdom of 
including the order in the present paper. Owing, however, 
to their small size, and habit of concealing themselves in out- 
of-the-way places, they are never easy to find ; and adequately 
to investigate them would take more time and labour than, 
in the near future, at any rate, I am likely to be able to devote 
to the subject. 



A Hsi rf PhalangideR anrf ChemetideH. 
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^^PS would a^ain express my indcbteduess to Mr Oarpeutor 
(to whom lite whole of ruy specimens have been submitted) 
/'or his invaluable co-operation in the production of theae 
papers on Arachnids.] 



The Pbalangidea and the Chernetidea have received eveu 
less attention at the hands of British naturalists than tlie 
Ai-aiieidea (Spiders), along with which and the Acaridea 
(^JJiles) they make up the class Araehnida, so far as it is 
represented in these islands. They are, uu doubt, in a 
geuenil way less attractive than the true Spiders, both as 
regards habits and variety of form and coloration, but they 
liave, neverthek'ss, about them much that is of the deepest 
iuterest, and we hope that the present paper, slight as it is, 
may be the means of directing the attention of Scottish 
naturalista to thenj.so that our meagre information regarding 
tlieir Ufe-histories and distribution may soon be largely 
augmented. 

In his " Monograph of the British Phalangideo, or Hnt- 
vcstmen," published in 1890, the Rev. 0. P. Cambridge 
enumerutes twenty-two species, if we nejilect Phnlaii^ium- 
minuium, Meade, and reckon OHgolopkm alpinus (Herbst.) 
to be simply a variety of 0. vwrio (Fabr.). Fourteen, or as 
near as may be two-thirds, of this number are now i-ecorded 
for the Edinburgh district, and no less than seven of them 
are additions to the Scottish list. Curiously enough, the 
same fourteen species have been, up to the present, found 
by us in Ireland, with the esception of 0. palpinalis (Herbst), 
which is replaced in the Irish list by 0. ephippiatns (Koch). 

It will be noticed that the two British species of Sclerosoma 
and the two Trogidida: are absent from our list. Seeing that 
these groups have their headquarters in the Mediterranean 
region, and are almost unknown in northern Europe, this ia 
not surprising. Yet the habits and appearance of these 
Phalangids are so obscure, that it is possible some of them 
remain to be discovered in the district — the most likely 
being TrogxUua tricarinalue (L.), which occurs in Uenmark, 
The other three absentees all belong to the genus Oligalopkus. 
^einerasiXM (Koch) is a northern and alpine species, which 
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Mr Cambridge records from Scotland without specifying the 
exact locality ; ^ and 0, cphippicUus (Koch) has been recorded 
from Argyll by ourselves. 0. Meadii, Cambr., is a species 
apparently confined to the south of England. 0. spinosus 
(Bosc.) has been found in the south and midlands of England ; 
and abroad it is also a species of southern distribution 
occurring in France, South Europe, and North Africa. The 
general southern range of these last two forms, as well as 
their tolerably conspicuous appearance, renders it probable 
that they are not to be found in our district; while 0. 
cinerasccns and 0. ephippiatua, though probably present, could 
hardly have escaped our notice were they at all common. 

In his " Monograph on the British Species of Ghemetidea, 
or False-Scorpions," published in 1892, the Kev. 0. P. 
Cambridge enumerates twenty species, most of which he 
characterises as rare even in the south of England, and 
no Scottish localities are given, unless " near Berwick- 
on-Tweed " — whence he has received Chclifcr laircillii. 
Leach — refers to one. In Scotland we have only found 
two species, namely, Obisium mtiscorum, Leach, and 
ChtJumius rayi, L Koch, the former alone having been 
obtained in the Edinburgh district, where, however, it is 
tolerably common. Others, no doubt, occur, but we are 
inclined to think that the number of species which range 
north of the Tweed is very small Ghiridium musearum 
(Leach) should be looked for in old books and herbaria ; ^ 
and collectors of our Diptera will do well to bear in mind 
that another species, Chcrnas nodosus (Schr.), which has been 
taken as far north as Yorkshire and Carlisle, is usually found 
adhering to the legs of Hies. 

The arrangement and nomenclature of the present list are 
in keeping with the two " Monographs " by Mr Cambridge, 
mentioned above. 

* Since the above waa wiitten, Mr Cambridge has kindly informed ys 
that specimens of this species were sent to him from the neighbonrhood of 
Glasgow b}' Mr H. C. Young, and from the valley of the Tweed by the 
late Sir W. Elliot. 

" I am nearly certain I once saw this creature, the tiny *' Book-Scorpion," 
in my herbarium, but not being at the time specially interested in the group, 
I unfortunately did not think of preserving a 8|>ecimen.— W. £. 
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SYSTEMATIC LIST OF SPECIES. 



Order PHALANGIDEA. 
Family PHALANGIID^. 

Liobunum rotondttm (Lntr ). 



r 

^■F This clmmcteristic " nai'vestmaii " is fairly cotntuoii , 
^Qming suiiiuaer and autumn among rough herbage in most 1 
%v ell- sheltered localities. In our experience, however, it ia 
■lot tiearly so abundant in the district as some other members 
of the family. It seems to be generally distributed in the 1 
Itritish Isles, and is spread over Europe and North Africa, ! 
occurring also in the Canaries. 

Sngbbourliooi! ur Leven, Firn, Aug, 1993, oJ. fs; Merchiston, Eilin- 

jgli, Aug., aA. 1 ; amoDg b«rba^« ou a busby rafliUidc kadiDg tltraugb Bivl 

tStrntoli, Eut LnlHinn, Sept. 1SS4, numeroas nd. H null 9s; nlso nt 

n, T^ncfleld, etc., in rame neighboiirliood, Aug. and Sept., tidalta 

fliatlt ssxsi uot uncommon ; nndcracatli ttonea of a brakcudoirn wsll at 

I, Not., wveml ndnlb; fouug comnjon among herbnge by Braid Biim 

■Jnna; Drcgboro, Ormiston, Louguiddry, July, ■ good many, some 9 s ad. 

LiobTmom blackwalUi, Meade. 

[ Apparently a local and by no means abundant species. 
I yet we have detected it in but one locality: further 
learch, however, will no doubt reveal its presence in a 
mber of other spots. Probably of general distribution in 

kitain ; and recorded from Denmark, Belgium, France, and 
BTuany. 

■nksof ISilston Bain wi ScaHcLi, neur Kossljii, iOtb June UUa. 



PhalangiutD opilio, Linu. 
L This typical Phalangid is generally distributed, and often 
iiidaat amoug grass and other herbage in fields, commons, 
) places, etc., and, like the majority of the family, it 
uns the adult state during the summer and early autumn ' 
mths. Not having met with examples in spring or in a 
Kbcrnating state, we conclude tiiat they all die off ou the 
ppnxuih of winter, and that there is but one brood iu the I 
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year. The species is widely spread over the British Isles 
and throughout Europe. The name stands in Stewart's 
" List of Insects found in the Neighbourhood of Edinburgh," 
published in 1808. 

Colinton, Dreghorn, Pentlands, Rosslyn, Newpark, Winton, Borthwick, 
etc., June and July, ad. 6b and 9b and imm. examples common; banks 
of the Avou above Linlithgow, June, a few imm.; Leven, Falkland, 
Aberlady, Aug. and Sept., many is and 9 8 ad.; Tynefield, Wcstbarns 
Links, Biel, etc. (E^t Lothian), Aug. and Sept., ad. (^sand 9 8 common; 
Islti of May, Aug., imm. 9 ; MerchiKton, Aug., ad. 6 ; etc 

Very young Phalangids, many of them referrable apparently to this 
8])ecie8, were often noticed on the undersides of stones and among grass 
about the beginning of May. 

Phalangium parietinum, De G. 

Is common in summer and autumn on walls in the 
southern suburbs of Edinburgh, and probably also in similar 
situations elsewhere. During the daytime they are to be 
found at rest under the copings, from which it would seem 
they are mainly noctural feeders. Widely distributed in 
tlie British Isles; and recorded from Sweden, Denmark, 
Germany, France, and the Canaries. 

Merchistou and other suburbs of Edinburgh, on walls, td. 6 b and 9 s and 
imm. examples common in July, Aug., and Sept., ad. 9h in Nov.; Leven 
(Fife), Aug.; Largo, Sept., ad. 9 ; Comiston, Nov., several. 

Phalangium saxatile (C. L Koch). 

Among a number of Phalangids collected in the vicinity 
of Leven, Fife, during August 1893, there is an adult female 
of this species. We have recognised it on but one other 
occasion. Rev. 0. P. Cambridge only records it from the 
south of England. It has occurred once in Ireland (near 
Dublin), and is found in France, Germany, Italy, and the 
Canaries. 

Near Leven (Fife), Aug., ad. 9 ; Kaime«, near Edinburgh, Oct., several 
ad. 9 9 OQ the undersides of stones. 

Platybunus comiger (Herm.). 

Though we have collected this species on some half-dozen 
occasions only, it is probably neither particularly local nor 
uncommon in the district. When Mr Cambridge published 
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^Bb Monograpli on the British Phalangidea, it was one of the 
^Hnv he had received from Scotland. It is widely distributed 
va the Continent. 

CatUiider. Mif 1S89, one; Blftckford H1I). Muy 1S91, id. ! ; Kirknewton, 
olrbashes. May, i and Iwojind. andonefouag; Dreghorn, olflDvirriinnchfa 
ut treea, July, three i » «ud one f , all ad. ; NeK]iark, July, ad. i ; Lang- 
uy-lry, July, S and 9 iid.. and one very jounn, 

kFlatybnniis triansfnlans (Herbat.). 
his small species aeems to be generally distributed and 
mon, more esiiecially in sub-alpine districts, concealing 
itself ander stones, fallen leaves, grass, heather, etc. Our 
Rpecimens were almost all taken during winter and spring, 
Mr Cambridge records it from the sohUj of England and 
li-om Ireland. On the Continent it is known from France 
uud Germany. 

. Pentlandi, Sejit,, S; Ltahouse and Dntiualioy Hill, Nov., a few iinm, ; 

Nov., ona ad. ilid several imm.; Tordoff (Pentlaiids), Dec. 

imin.) OrecDbauk, Dec, d and ? ; Frogetoo, near Ediuburgb, 

1 Bridge of AUhd. Dec, several 9s; llutk»ti;iif, Jan., a fevi; to]> of 

iBketton Bill (Pentlnnds), Feb., rominon nudcr Blanea ; Braidbum, 

Mlyn, Balerno, Kirknewton, March, a number, aomn ad.; Braid, Faimiile- 

1, C«rBlorpljiue Hill, Dalmeny. etc, April, mnny is and 91, moally ad. 



Megabunus insignis, MeaJp. 
^We find this pretty little I'halangid widely distributed 
"and fairly common in the district. A lichen- covered wall or 
tree-trunk, with which its greenish-grey markings closely 
assimilate, is a favourite liabitat, though it is also to be found 
readily enough among heather, grass, and other herbage. 
Adult ill spring and summer. It is recorded by Mr 
Cambridge from Dorset, Devon, Wales, Yorkshire, and 
~ land. 

I The Continental species, M. diadema (Fabr.) — from which 
iimgnia can hardly be separated — seems decidedly rare, 
ing recorded only from Norway, Normandy, and near 
liyonne. The only other known species of the genus occurs 
\ the Bwiss Alps. The comparative abundance of our Uritish . 
mhunus makes it therefore one of the moat interesting 
d characteristic members of our Arachnid fauna. 
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Bonaly Olen, Rosslyn, Arthur's Seat, Braids, March, fairly common, both 
ad. and imni. ; Fairmilchead, Corstorphine Hill, Hopetonn, April, niaDy ad. 
and imm. ; Raith (Fife), April, one ad.; Comiston, Callander, May, ads., 
etc., common; Pentlands above Hillend, under stonen, Jane, many, all ad.; 
Pentlands, Oct, one young; Ncwpark, Linhouse, and road&ide sonth of 
Dalmahoy, Nov., a number imm.; Morton, Torduff, and Bridge of Allan, 
Dec., several imm. and young; Buckstonc, Jan., two young, etc. 



Oligolophos mono (Fabr.) 

This is one of our commonest and most generally dis- 
tributed Phalangids, occurring abundantly among all sorts of 
rough herbage, as well as on furze and other bushes, both in 
woods and in the open. It seems to be most active after 
nightfall ; and when *' sugaring " for moths about the end of 
summer, we seldom miss seeing numbers crawling on the 
palings and tree-trunks. The var. alpinus (Herbst) is prob- 
ably common in the outlying hill-districts. 

This is a northern and alpine species on the (Continent, 
and is widely distributed in the British Isles. 

Blackford Hill, May, two young; Seafield near Rosslyn, Pentland Hills, 
Newpark, Abcrlady, June, many, ni(»stly imm. and young; near Linlithgow, 
June, a few imm.; Loch Ijcven, June, several ad. and imm.; Dreghom, 
Boghall, Kirknewton, Borthwtck, OrmUton, et«\, July, many Sa and 9 8, 
mostly imm.; Callander, Aog., a few <5 8, more 9 s; Tynefield, Tyninghame, 
Presmennan, etc. (Kast Ix>thian), Aug. and Sept., a few ad. 6 s and many 9p, 
some still imm.; Braid Hills, etc, Aug., ad. 6b and 9 8 common; Dun- 
fermline, Leveu, Falkland (Fife), Aug., many cJsand 9 8; Dalmeny Park, 
Sept., imm. 9. Var. a/pmiM— -Newpark, July, several ad. <; s, on heather ; 
Kirknewton, July, ad. 6 ; Callander, Aug., S ; Presmennan (foot of 
Lammermcrors), Aug., ad. <J ; Morton, near Edinburgh, Nov. , ad. rf. 

During April and May we find many very young Phalangids, of which a 
large proportion probably belong to this species, under stones and about the 
roots of herbng<». 

Oligolophus agrestis (Meade). 

Generally distributed and very common throughout the 
second half of the year. During summer and early autumn 
great numbers may be obtained by beating the lower 
branches of trees, particularly conifers. Another favourite 
habitat — more especially about the end of autumn — is 
behind grass or other herbage at the base of a waU. Never 
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ing met with this or any other species of the genus in 
I spring time, though we have looked for them in the 
S^entical spots where they were observed hiding at the end 
of autumn, we conclude they do not survive the winter. 

Widely distributed in the British Isles. Ou the Continent 
recorded from Denmark, Belgium, and Fronce. 

BibtoD, end of June, one imm. ; Newpark, Rosslyn, Penicuik, Jaty, a good 
Duny imm., a Xavi ;> ad.; Dalinenj, Tyniagbamo, Bid, Lnrgo, etc., Aug. uid 
Sept.. nan]' 1! s nod f » ad. and imin. ; LalTneBS, Oct., b J. ? ; ComiitoD, 
CrKigniillar, Gush, CulinCon, Linhouae, Kirknewton, Pentlanda, Oct. and 
Not., many ad. iaatxi 9a: Blacl<roril Hill, Craiglockburt, Bridge uF AUan, 

fe., « number of both sexes 1 etc. 
OUgolophus tridena (C L. Koch). 
A widely distributed and fairly common species: adult in 
e latter part of summer and onwards. As Mr Cambridge 
marks, it seems partial to moist places, where it hides 
among the grass and rushes ; but we have also found it on 
dry ground, on bushes, and even on a wall. 
^__ Mr Cambridge records the species from Dorset, the 
^^■uviots, and Ireland. On the Continent it occurs in 
^^preden, Denmark, Germany, and France. 



4 
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SeiGeld noar BoEslyo, nml Dccgborr 
MerchistoD on wall, Aug., id. J and 
Bid, Aug. and Sepr., ad. i » ami ! s and 

I JOUDg CDDifor, S< 



June and July, eorural young: 
.author imin. ; TyniugbamB aud 
luiD. oamplsB common i Gos/ord, 
Raith, Sept., !; LulTness, Joly, 



■ 9 (on links], OcL, a few 9 8 od. and imm. (on inarih) ; near Colinton, 
V,, UTerml ad. dxaiid Qs; Blackford, Dae., ad. jsaud 9b. 



Olig^olophns palpinalis (Heibet.). 



I 

^^P An adult female found among heather by the hill road a 
mile or so behind Bridge of Allan in the end of December 
1893, and recorded in the Annals of Scottish A'a/ural Hixtory 
for April 1394 (p. 118), and a male taken at Graiglockhart, 
" December 1892, are, so far as we know, the only 
mplea hitherto obtained in Scotland. 
r Cambridge records the species only from Dorset and 
rth Wales. On the Continent it occurs in Denmark, 
many, and the mountainous distiiots of France. 
VOL. xm, 1 
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FLimilj NEMASTOMATID^. 
Nemastoraa lugnbre (O. F. Mullei). 
This very distinct species [black, with two rather con- 
BpicuouB whitish spots) is common all over the district, 
concealing itself under stones, logs, falleu leaves, etc. We 
have found it at all seasons of the year ; most frequently, 
however, between autumn and spring. It is generally distri- 
buted in Britain, and widely spread on the Continent 

SJwbnry Cnigs, Roaatfu. WoodhousBUo, Bonnly Gkii, Pctlycnr, etc., 
Feb. mA Mircli, Ji naJ J b common; Grecniuuk, March (1S95). wvenl ^» 
Mid ; % unJor stoticB, whers tliejr bid Burviretl tho grrat (nut o1 tbe twa 
previooa moDtba; Collnton, Dalmeny, eU.. April, i» and ?b: near DalkMtb, 
May, afew; Peniuuik and Difgliom, July, a f«« ?■; Bnid HilU, Aug., Va; 
Tyaingliama, Sept., (rpqneiit; Martoa. Oct., S» bii<I Ssi Craigmillar, 
Calinton. Morton. KiikuewtoD, Liubouae, Nov., ^« and 9a MmtnoD ; 
fiUckfard Hill, MerchUtan. Kaimfs, Bridge or AiUn, Dec, a Dumber ^ i* 



Nemastoma chrysomelas (Heroiann). 

While probably of general distribulion, this — in many 
respects the most attractive of our Phalangids — is to be 
found in the same situations as the last, but much less 
frequently, and in smaller numbers ; indeed, in our experience, 
single examples are the rule. Despite its delicate appearance, 
it (in common with other small species) occurs chiefly during 
the winter half of the year. Mr Cambridge records it from 
both the north and south of England. It occurs in Ireland; 
and on the Continent in France, Germany, Austria, aud Italy. 

Mortonliall, Nov., 9 ; Liuliouae, Nov., nd, ! ; Bridge of Allan, Dec, 9 ; 
Braid, Jnu., i \ Hillpnd (foot or PoDtUnds), Feli., thrw ; Bowtlyn, Mireb, 
cne; Logaiileo (Pentlauds), Se|it., 9; etc 

Order CHERNETIDEA. 
Family CHELIFERIDJE. 

Obisium masconim, L^^icb. 

This, perhaps the most widely distributed species of the 
order in the British Isles, is aa yet the only one we have 
detected in tlie neighbourhood of Edinburgh, where it occurs 
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sparingly, and, in our experience, chiefly under stones lying 
^rnong moss and heather in hilly places. It seems to occur 
"throughout the year. 

Mr Cambridge records the species from several English 
-coanties (including Cumberland), and we have taken it in 
Ireland. On the Continent it has been found in Holland, 
Denmark, Germany, France, Switzerland, and Austria ; also 
in North Africa. 

HiUend, Feb., two Bpccimeus ; Carnetby (Pentland»), March, a dozen ; 
Rjiyensnook Moor, near PeDicuik, July, two; Braid Hills, Aug., a few; 
Loganlea (Pentlands), Sept., seven; Aberlady, Sept., four; Peutlands, Nov., 
one; Bridge of Allan, Dec, three; Granton, one under a stone, 1893 (found 
by Mr J. Strachan); etc. 

Note. — As already mentioned, the only other species of the 
Chernetidea we have recognised in Scotland is ChtJumius 
rayi, L. Koch, of which we have several specimens obtained 
near Oban in April 1894. Others must occur, but we are 
inclined to think that a few only of the British species range 
north of the Tweed. We have, however, paid but slight 
attention to the group, having only picked up such 
specimens as have come casually under our notice when 
searching for spiders during the last two or three years. 
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fIFrdtKaday, If^lh November 1895, — Professor .T. Stbuthkrs, , 
M.D., LLD., I^resident, in the Chair. 

The retiring Vice-President, Dr William Kussell, 
F.K.C.r,E., delivered the following opening address, on 
^The Light thrown on some Hiological Procesaea by Lha 
jtvesligatioQ of Disease " : — 

Gkntlbmkn, — In thinking over the fact that, at the c 

ilttsion of my term of office as one of your vice-presidenta, 

t would be my duty, in accordance with the custom of the 

wiety. to address a few valedictory words to you, I had 

to realise the fact that for some years past the' demands of 

the purely practical side of my profession as a physician 

have driven me completely from those investigations which, 

had I had the opportunity of continuing, might have formed 

a suitable and satisfactory theme on which to address you 

on this occasion. As the results of original investigation 

ttere awantiug, I thought that it might be interesting to 

^u if I could convey to you some of the thoughts which 

jcur to me when I contemplate the advances, which are 

lade in onr knowledge of many disease processes ; 

t you something of the investigation of these undertaken 

bth the object of saving life or mitigating suifering; and 
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indicate the light which these investigations throw upon 
biological processes, giving ua glimpses of the elaborate 
and subtle conditions which intluenco and determine our 
physical and even our mental constitution. 

I cannot do this without going into soma questions which 
are to some of you an ofutold tale, but they cannot be 
known to all of you ; so those who know must hear for the 
sake of those who know not. 

The first discovery to which I shall refer is the best 
known of raauy to which reference will have to be made. 
There is in man and the higlier animals a gland in the neck 
which is known to anatomists and others as the Thyroid 
Gland. It belongs to the class of glands which are without 
a duct by which to discharge their sjiecial secretion. . The 
function of this gland was unknown uutil quite recently; 
not only so, but it was questioned whether it performed any 
special function or useful purpose whatever in the animal 
economy, I have, indeed, a recollection that, in my student 
days, when the argument for design was advanced, and 
illustrated from the human body, the Thyroid Gland was a 
Btumbling-block, for there was either an idea, or an accepted 
conviction, that this gland had been left by mistake; that 
it was one of those ort^aus, stranded on the shores of the 
stream of evolution, having the same kind of interest as the 
finding of a Norse galley on the shore of Labrador would 
have; the one revealing the evolutionary antecedents of man, 
the other revealing an America known before Columbus. 
This was the state of ignorance within the last twenty 
years, and our present knowledge is mainly the outcome of 
investigations suggested by a series of observations in cases 
in which the gland had been removed for surreal reasons, 
and having no connection whatever with a desire to become 
acquainted with its function. The discovery might in this 
respect be looked upon as accidental, or, at all events, 
merely incidental. It is not my purpose to trace the steps 
by which our knowledge has been attained, so I may at once 
proceed to the facta which have been correlated, and the 
light they have thrown upon a hitherto dark region. Some 
of you are doubtless aware that in certain districts of 
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Switzerland a type of humau being is met with, known J 
as a cretin; their dwarfed stature, misshapen limbs, large ' 
belly, tbick lips, and protrudetl tongue, make them the 
reverse of pleasing objects to look upon. The condition, 
however, is not confined to Switzerland, for a goodly number 
of cretins are scattered up and down throughout this country, 
Not ouly is the body stunted and unlovely, but the mental 
faculties are in the most primitive and elementary state, ' 

• and can hardly be said to be on a level with the higlier j 
tlomesticated animals. A cretin, no matter what its age^ 1 
gives no more, or even less evidence of mind than an infant 
a few months old. In fact, it is a human being whose 
physical and mental growth and development have been 
arrested and perveited, producing an uncomely body and an 
idiot brain. i 

In this connection I must also refer to a disease, known ] 

I as Myxaidema, which is met with in adult life — a disease 
characterised by deposition under the akin of a mucoid 
nbstance, a disappearance of the hair leading to complete 
1)aldues8, and a marked alteration in the expression of the 
{ace, in the direction of coarseness and loss of expression. 
^long with these visible physical alterations, there are 
^narked mental phenomena ; the individual affected changes 
&om mental vigour to feebleness, from alertness to apathy, 
%ntil, finally, no mental response beyond the very feeblest 
can be elicited. Body and mind alike become pooderooB 
and inactive, and the individual sinks as a water-logged 
vessel forsaken by captain and crew. 

These two conditions are allied, although the phenomena 
presented by them differ. By experiments and observations, 
which need not be detailed here, it has been proved beyond 
question that both conditions result from changes in the 
Thyroid Gland leading to annihilation of its function. This 
in itself would be a most interesting discovery, but the 
sequel to it is much more so. It has been found that, if the 
Thyroid Gland of one of the higher mammals, the one used 
being the sheep's, be eaten raw, or if an extract of it be ^^^ 

t'en, as striking a physical and mental change is wrought, ^^H 
t in the reverse direction, The ponderous body resumes ^^H 
■ fl 



I 

4 






128 Proceedings o/tke Hoyal Phyxical Socufy. 

its antecedent proportiona, the bald head grows ita hair, the 
fog is dispelled from the brain, and the mental faculties 
resume their activities. In the cretin, if a young child, 
what was little more than a sentient vegetable becomes 
active and lively, amusing itself as other children, grows 
in body, develops a mind like other children, and, if I may 
say so, pi'eseuts the potentialities of an immortal soul 

lu these cases there is no doubt as to cause and effect, and 
you will agree with me that such a correlation suggests many 
curious thoughts. The destructiou of a gland, thought to be 
useless, leads to physical conditions which are strikingly 
apparent, and are allied with mental phenomena startling 
both in degree and in kind ; and all these then removed by 
regularly swallowing small quantities of the gland from the 
sheep corresponding to the one destroyed in (he human 
being. 

The inference is, of course, unavoidable that this gland 
elaborates a substance which passes into the blood, is carried 
to brain and other tissue, and is absolutely essential for 
ibe maintenance by these of their normal functions. The 
steps of this discovery were made by men engaged in the 
observation and investigation of disease, and pure physiology 
and biology owe it to medicine. The discovery has thrown 
a new light on vital processes, for the glands, the functions 
of wliich were known, were glands whose secretions in the 
main were connected very directly with digestive processes, 
while some others were related to blood-corpuscle formation. 
The function of the thyroid showed that there were organs 
whose secretions were essential to the well-being of certain 
tissues, and that they couM, of course, only reach these 
tissues, and be uniformly distributed to them, by the secre- 
tion entering the blood ; and this could only be attained in 
the ductless glands by passing through the lymphatic 
vessels. Tlie influence of this particular secretion, which is 
perhaps the most attractive, is the effect its absence has upon 
the brain — an efl'ect altogether surprising and unexpected, 
as is also the further fact that this potent substance can be 
added to the blood by the somewhat coarse method of intro- 
ducing it artificially into the stomach, and that the stomach 
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lecretions fail to take from it its power. To me it is a very 
mirioas fact that brain function — that is, mind — should be so 
dependent upon an organ of this kind, and upon a secretion 
which is as good, for its special purpose, when taken from a 
lAteep, as when elaborated in the human body. . 

The discovery has necessarily given a place of much higher 
importance to the ductless glands than they formerly held- 
Two other ductless glands may be mentioned— the pituitary 
Iwcly, situated inside the skull, and the supra-renal cap- 
ttile. I need not dwell on these, as we are not yet fully 
ibformed of their fuoctione, but everything points to their 
ftincttons being of the utmost importance, although want- 
: in the special features of interest possessed by the 
Ihyroid. 

A further result of the study of disease in detinite organs, 
*nd of observations in cases where oi^ns have been removed, 
ia to indicate that, in addition to the special activities and 
Special functions of organs which have been long known, 
Hiere are side influences, or supplementary functions, which 
^ay a very subtle i6le in the animal economy, and have 
i very marked influence upon brain vigour and mental 
~ activity, in addition to more palpable physical efl'ects. The 
inference being that, from some of these, substances are 
absorbed which act as invigorators of brain and nerve tissue, 

» while others are necessary for the prevention of morbid brain 
Aetion. From these facts, the blood-composition has been 
shown to possess an infinitely more complex character than 
had hitherto been fully realised ; and the function of im- 
portant organs and tissues shown to be influenced, and their 
activity determined, by other organs which had no direct ot 
apparent connection with them. 

From the foregoing facts yon can readily understand that 
<iuite a new line of investigation has been opened, and that 
the tissue of organs, or extracts of them, have como to be 
regarded as possibly possessing unknown potentialities, which 
might be utilised for various medicinal purposes. It is 
fortunately a line of investigation which can be soon 
exhausted, and the limits of its applicability will soon he 
iet«rmined ; and if it were permissible to prophesy, 1 should 
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say tiiat it is quite unsafe to make a general deduction from 
one iDStance, bowever marked it may be, and that it is 
unlikely we shall fiud results at all corresponding to those 
obtained with thyroid. Still, the possibilities have an allur- 
ing effect upon the imagination, and in connection with the 
use of animal extracts it may not be uniuterestlng to refer 
to aome of its historical associations. In ancient Egypt 
human brains were preaoribed for eye diseases. In the 
Talmud, a dog's liver is permitted for the bit« of a mad do^ 
In China, at the present time, a decoction of scorpions is 
used in fever, rat's Desh is eaten an a hair restorer, and 
leprosy is supposed to be curable by drinking the blood of a 
healthy infant. Aoiongst cannibals, you will remember that 
eating the heart of a warrior is believed to give oouraga 
These might be multiplied indetinitely,but they are sufficient 
to show that in uneuUf^htened time there was a belief in the 
remedial efficacy of the organs or tissues of human or ammal 
bodies. 

I next desire to lay before yon facts which have been 
discovered in the investigation of diseases due to bacteria, 
and at the same time to refer to light which has in this way 
heeu thrown upon biological processes. On this subject I 
have to ask your patience, for it is necessary to enter into 
considerable detail. 

It has long been known that the blood taken from a 
person suffering from certain infective diseases could com- 
municate the disease when introduced into the body of 
another person ; but there was no attempt to distinguish 
which of the elements in the blood was the carrier of the 
infection. It had, for instance, been shown in the case of 
the calf that th(j transfusion of blood, or of lymph taken 
from an animal at a certain stage of vaccine eruption, con- 
ferred immunity on auotJier animal. This was looked upon 
as an indication of the virulence of the blood, and as a proof 
that the blood contained the special morbi&c agent. The 
blood-serum was looked upon as occupying quite a secondary 
place, and as performing an almost purely physical or passive 
function — as, in fact, an inert vehicle. 

This idea, which was the prijdominant one, bos gradually 
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"had to give vaj, as a reault of investigations into dis 



Perhaps the 6r3t new power which blood-aernm was found 
to possess was the destructive action which It sometimes 
exercised on certain micro-organisnis, and which has become 
known as ita bactericide power. It was found that the 
serum of certain animals opposed the development of certain 
micro-organisms, and even destroyed them, so that no culture 
of them could be obtained from a mixture of the senim and 
the microbe. Some of the instances in which this bactericide 
property was present in tiie serum occurred in animals which 
were refractory to the action of certain microbes and the 
disease which they produced. At first it was thought that 
this bactericide property might largely account for the 
immunity which some animals enjoyed towards some , 
diseases, and that the effect might be regarded as the result I 
of a chemical action exerted by the serum upon the microbe. [ 
This was, however, sooo discovered not to be a general law, j 
but rather an exception to a more general law, and to which j 
fuller reference will be made hereafter. That this bactericide j 
power ia not a simple physical phenomenon, but ia rather j 
biological or vital in its nature, is supported by the fact that 1 
a moderate degree of heat destroys it, while it in no way j 
modifies the other physical or chemical properties of the I 
serum. It was natural that efforts should be made to dia- J 
cover a special substance on which this bactericide power ] 
depended, and various substances, known as defensive pro- { 
teida, globulins, or alexines, or as diastatic in nature, 

I been described by various investigators, although their resulta 
a hardly be regarded as accepted or conclusive- 
Other experiments liave shown that, in certain cases, the ' 

" "blood-aenim taken from an animal refractory to a certain 
microbe formed a medium in which the microbe could be 
successfully grown, thus tending to show that the influence 
was not the result of a simple microbicide power. In some 
eases, however, the interesting fact was revealed that a | 
microbe grown in such serum lost, in some instances, its 

Kcial pathogenic influence, whilst in other instances the 
BFBe of this occurred. From these latter observations it 
A. 
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follows that it cannot be accepted that blood-aeniin has aoy 
general or universal attenuating property any more than a 
bactericide power. 

When it was ascertained that a microbe, inoculated into a 
refractory animal, might survive for some time at the point 
of inoculation, the question came to be asked if the blood- 
serum did not rather exercise ite action by neutralising or 
destroying the substances produced by the microbe than by 
acting directly upon the microbe itself. This idea led to the 
discovery of what ia now generally known as the antitoxic 
action of the blood-serum and other fluids in the blood. 

In this relation it is necessary to state that microbes act 
in two different ways when introduced into the body. In 
one case the microbe multiplies and invades the body 
generally, this being what is known as infection by the 
microbe. In the other case, instead of the microbe multiply- 
ing and becoming generalised, it remains localised, and 
produces its injurious effects by the poisons, or toxinea, 
which it produces, and which, by their absorption, produce 
what is technically known as au intoxication. 

Two examples may be taken, in which the micro-oi^nism 
plays a minor part to its toxiues, viz., tetanus and diphtheria. 
To underatand aright the bearing of this on our general 
subject, it is necessary to inform you that animals can be 
vaccinated against these two affections, and lliat a further 
interesting and importaut fact has been demonstrated, 
namely, that the blood-serum of animals so vaccinated can 
be used as a vaccine material for the prevention of these 
diseases in other animals. It ia also necessary that I should 
remind you of the fact that microbes can be tillered out of 
the fluid in which they have been cultivated, the filtered 
fluid containing the toxines produced by the microbe. This 
toxic fluid may be investigated, and its powers and reactions 
tested. 

The influence of blood-aerum, when brought into contact 
with these toxines, was one of the first poiuts to be inveeti- 
gated. It was found that toxin mi.\ed with a small quantity 
of serum from an immunised animal could be injected with 
impunity iuto the body of an animal susceptible to extremely 
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Bniall doses of purs toxin. It was also, however, found that, 
if an animal was injected with toxin and serum at the same' 
or at different parts of the body, the animal survived dos 
of the toxin many limes stronger than was necessary to 
produce a fata! effect when the toxin alone was used. To' 
many this action of the sermn appeared to be exercised 
directly on the poison, and to be probably of a chemical' 
nature, either destroying it or converting it into a harmless 
substance. To this property, or rather to the substance ia< 
the blood which exercised this striking inltuence, the name 
Antitoxin was given, and its action has been compared to 
that of a globulin or a diastase. In the two diseases 
mentioned, the quantity of serum containing the antitoxin 
necessary to prevent death is almost infinitesimal, it being 
calculated that one c.c, is suflicient to protect 70,000 mice 
against what would otherwise be a fatal dose. 

Although this antitoxic action appears to be so marked in 
the two examples referred to, it is not a property which is 
found so generally existing in analogous cases as to permit 
its being formulated into a universal law. In the investi- 
gation of other diseases produced by microbes, and occurring 
in animals, it has been found, on the contrary, that the serum 
of vaccinated animals is able to prevent or cure the disease, 
while at the same time it possesses no true bactericide or 
antitoxic property. From these latter observations it is 
necessary to seek some other explanation of the curative 
or preventive action of the serum, to which it will be 
necessary to refer more fully afterwards. 

These Investigations show very clearly that the serum of 
blood is very far from being an inert constituent 8om& 
further facts in this connection have some bearing upon the 
tnderstanding of our subject. If, for example, the blood of 
mother species is introduced into the body, or even mixed 
iritb the blood-serum, the blood-corpuacles are disintegrated 
and dissolved. This action of the serum is known as its ' 
globulicjde action. 

Another fact in this connection is that blood-serum in i 

toantity, taken from one species of animal and injected into j 
ZZZT" 
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even causing a fatal tennittation. A marked diflerence is 
thus shown to exist is the coDstitutiou of tlie serum in 
different species, and indicates very clearly the vital, rather 
than the inert nature of it, and its complex and variable 
compoaition. 

As illustrating the differences in the serum of diCTerent 
animals, and the extent to which it is capable of being 
modi6ed exiierimentally, it is necessary to refer to a number 
of diseases which have been experimentally investigated. 

The first of these to which I may refer is produced by 
an organism known as the Staphylococcvs pyostpOens, an 
orfjanism which very rapidly produces death in rabbits when 
injected into their tissues. To this microbe the dog is com- 
pletely refractory, that is to say, its injection into the dog 
produces no appreciable effect. Some of the blood of a dog 
injected into the periioneum of a rabbit renders the rabbit 
proof against the action of the microbe, and the dog's serum 
3 still more eHicacious if the natural immunity of the dog 
has been reinforced by inoculating it with the microbe in 
qaeation. 

This observation, as you can understand, suggested most 
important possibilities in the direction of utilising the serum 
of animals, refractory to certain microbes, as a means of 
preventing their action in other animals. This, however, has 
not been found so applicable as this special case seemed to 
indicate. The existence, however, of a relative, if not of an 
absolute immunity, has been utilised by augmenting it in 
the manner I have indicated, and in using the serum of 
animals thus both naturally and artificially immunised for 
curative purposes. 

Other means were also found of producing an artificial 
immunity, and one of the first diseases in which this was 
done was a disease known as hog-cholera, also due to a 
special microbe. This microbe injected into rabbits rapidly 
proved fatal, the microbe rapidly developing and multiplying 
throughout the rabbit's body. Notwithstanding the great 
susceptibility of the rabbit to this organism, it was found 
comparatively easy to vaccinate it against the microbe. To 
attain this, all that was necessary was to heat to a certain 
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temperature a quantity of the blood taken from an animal 
dead of the affection, to inject amall quantities of it, and to 
repeat the injections many times. These measures rendered 
the animal entirely iiumune to the fatal virus. Not only was 
this the case, but the blood of the animal so vaccinated 

. exercised a preventive power when inoculated into othera. 
t the same time it was shown, that, notwithstanding thia 

l.pfeventive faculty, the blood-aei'um had no bactericide or 

llUtitoxic qualities, strictly so called. 

This effect of heat at a certain limit in attenuating vinift 

I extensively applicable, but there are other methods, also 

used successfully, to which I must refer, and it will make 

the subject more interesting if I illustrate some of these by 

lefereuce to well-known diseases. 

I may take diphtheria first, a disease due to a bacillus 

ftvhich develops at the seat of invasion, that being most 
commonly the throat. The bacillus is confined to the locality 
where it has become implanted, and does not become diffused 
throughout the body. It produces a toxin, to the absorp- 
tion of which most of the symptoms are due. Here, as in 
other cases where the microbe is cultivated separately, it can 
be filtered out of the fluid which contains its toxin. Thia 

i toxin can be produced of an extreme degree of virulence, 
ftnd all the animals usually used for investigation, such as 
the rabbit, guinea-pig, dog, etc., are susceptible to it. Owing 
to this, there was cousidorable difHcully in working out a 
•fttisfactory method of preventive inoculation. It was found 
Ibat the virus might be attenuated in various ways, and 
these it is unnecessary to dwell upon in detail ; one of them, 
however, I must mention ; it is this, that if the fluid con- 
taining the toxin were mixed with a quantity of a solution 
of iodine, an animal withstood a dose of the virus, thus 
mixed, that would by itself have proved fatal. By repeated 
injections of this mixture the animal was rendered immune 
to the diphtheria bacillus or its toxin. 

Yon must always remember that the ultimate object of all 
these investigations is to And a method of inoculation which 
wilt be applicable to man, and the investigation of diphtheriit 
had very markedly this for its object. 
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A eatisfactory method of Bttentiation having been dis- 
covered, the fact that the horse waa less susceptible to the 
diphtheria poison than most of the other animals tried 
indicated the direction of least resistance, and this animal was 
rendered immune by injections of the attenuated virus in the 
way I have indicated. It waa then found that the blood- 
eerum of the immunieed horse had a protective effect, and 
even a curative one, when injected into other animals. At 
this stage it was deemed safe to try the serum in the human 
being, and as all of you doubtless know, this method has 
been extensively used, has been found of the greatest value, 
and has already been the means of saving very many human 
lives. 

In this instance are illustrated two facts — one, the attenua- 
tion of a virus by mixing it with a chemical substance, this 
attenuation rendering it suitable for repeated inoculations, 
and these producing a condition of immunity in the animal 
inoculated with them ; the other, that the possessioD of a 
degree of immunity determined the selection of the animal 
to be rendered wholly immune. So that in this the leading 
of nature is followed and utilised. 

If we consider the mode of action of this an ti diphtheritic 
serum, one of the views which is held regarding it is that by 
ita admixture with the toxin, either within or without the 
body, the poison is destroyed by contact, or that the union of 
the two produces an inoffensive substance. But this theory 
is hardly tenable, for under certain circumstances the toxic 
effect is produced notwithstanding its admixture with anti- 
toxic serum. This was the effect produced in some guinea- 
pigs which were at the time in perfect health, but had some 
time previously been inoculated against another disease. 
This illustrates the curious fact that these guinea-pigs must 
have had their constitution (to use the word in its popular 
sense) modified by this antecedent vaccination, aud that 
modification, which in no way affected their health, rendered 
them even more than usuiklly susceptible lo the diphtheria 
toxin. The changes in the blood must thus be of an 
extremely subtle kind, and you can understand bow very 
complex the conditions may be which have to be met The 
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main point, however, I wish to point out here is the evidence 
that thia affords that the antitoxic effect is really not the 
result of direct chemical changes between the toxin and the 
antitoxin leading to the destruction of the latter, and is not 
comparable to the neutralLsation of an atid with an alkali 
producing a neutral aubstanea 

The next disease to which I shall refer is hydrophobia. 
This disease presents, so far, a peculiarity which is only 
shared by one other, for which there has been introduced a 
method of protective vaccination. The peculiarity is, that 
although the virus of the disease can be obtained, the microbe 
to which it must certainly be due has noc been demonstrated, 
so that nothing whatever is known of it directly, only its 
products and its effects making its existence certain. The 
vims in this disease is present in its most concentrated state 
in the spinal cord, and it is by making an emulsion of that 
structure that the virus is obtained, mixed, of course, with 
the emulsified cord. This virus becomes weakened by 
exposure and drying of the cord, so that in the course of a 
few weeks it is entirely destroyed. As a consequence of this 
gradual attenuation of the virus, it can be obtained of any 
strength, and by inoculating animals first with a very weak 
virus, and then gradually increasing the strength, the animal 
BO treated becomes refractory to the most powerful doses. 

This is a still further example of the differeot ways in 
which attenuation can be produced, and this is the first 
iustance I have given you in which mere hanging in dry air 
has been sufficient to lead to attenuation. 
There is, however, still a further side to this, and which 
bearings upon our general subject. If the blood-serum 
an animal rendered immune he taken and mixed with the 
rabic virus, and left thus in contact with it, it has been 
found that the virus ultimately loses its power, and this is 
true whether the serum be taken from a vaccinated man or a 
inated animal. The serum of a vaccinated animal may 
he used as a preventive vaccine ; although the method 
lars to be inferior to Pasteur's original method. 
Observations have lately been made upon the effect of the 
artificial digestion of this toxin, from which it appears that 
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this maj be an additional mode of attenuation, which might 
have some advantages if it proved to be equally e£Scacioas 
with the origiual method. Many other examples might be 
given illustrating the fact that when animals are artificially 
rendered immune to disease, the blood-serum of the aniiual 
may be utilised for vaccinating other animals, and thereby 
rendering them immune. However interesting the details of 
these may be, I cannot attempt to take you over the whole 
field. I may, however, mention to you that tliis line of 
investigation has been followed in such important and well- 
known diseases as pneumonia, typhoid fever, cholera, and 
tetanus. In all these.animals which are specially susceptible 
to the action of the microbes associated with these diseases 
have, by this process of vaccination by attenuated serum, been 
rendered immune. In all of them the interesting question as 
to the precise mode of action of the curative or preventive 
serum arises. 

One of the first theories as to the mode of action of the 
serum was that it is antitoxic, the idea, as I have already 
indicated, being that the antitoxin counteracted the toxin, 
and hence the use of the term " antitoxin," which has now 
become general. Experiments in another direcUou tended 
to support this view. It was found that animals could be 
readily rendered able to withstand very large doses of certain 
vegetable toxalbumins by giving to them small dosea to 
begin with. It was further found that if the blood-serum 
from snch animals was mixed with the poison, the mixture 
could be injected into fresh animals without causing them 
any inconvenience. From this it was naturally enough con- 
cluded that the blood of the immunised animal had attained 
the power of destroying the poison. 

It is well enough known to you that the human body can 
become habituated to and proof against the action of poisonous 
substances, and no better example can be given of this than 
is seen in the innocuousness of tobacco in those accustomed 
to its use. The startling side of this action is the marked 
eflect which is evidently produced on the blood, the blood- 
serum evidently becoming possessed of a new and special 
property. Whether the vaccination with blood from a smoker 
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would mitigate or entirely annul the painful experiences at] 
tobacco-poisoning ia a question whicli has not been investi- 
gated to my knowledge, but it has sometimeB appeared to me 
that the sons of a man who amokes are often saved the early 
troubles which some young smokers experience. 

This power on the part of the body to become accustomed 

4o a poison, which, even in small doses, is fatal under 

wdtnary circumstances, is well illustrated in the important 

i^bservations which have been published on serpent venom. 

has been found that an animal can be rendered immune 

in to cobra poison, either by modifying the poison by the 

ion of heat, or, preferably, by inoculating the animal 

ith very minute doses of the active venom, so that there is 

itained a progressive habituation. The venom can also be 

lodified, and its activity diminished, by mixing it with a 

loride of soda or lime. 

The serum of animals thus vaccinated against venom by 
y of these methods possesses immunising properties, A 
xture of cobra venom with a small quantity of serum 
lltom an immunised rabbit, may be inoculated into a fresh 
ibbit without producing any untoward action. Further, the 
injection into a rabbit of serum from an immunised rabbit 
enables the animal to tolerate without discomfort twice as 
mnch venom as would otherwise kill it The serum has not 
only this protective action, but it even has a curative one, 
for it prevents a fatal issue even when injected some con- 
siderable time after the venom has been introduced. A 
further fact has been established, namely, that animals can 
be rendered immune by administering the pure venom to 
tbem through the stomach. It has also been shown that the 
semm of a serpent is an antidote to its own venom, and 
even to the venom of other species. The antivenin serum 
from an immunised animal, however, only protects another 
from the poison of the soake originally used. 

In many of the instances to which reference has beea 

le, it cannot be proved directly that the mixture of toxin 

ith antitoxin, and its consequent neutralisation, is not due 

a direct action of the latter upon the former. In the caae 

snake venom and antivenin serum this point can be 
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settled, and throws an important light upon tba wbole 
question, although it canoot be regarded as necessarily 
applicable in all cases, or as the expression of a general law. 
The method is as follows: — If a mixture of venin and 
antivenin be heated to a given temperature the mixture 
loses its innocuousness. The antivenin is altered while the 
venin is not, so that the mixture is rendered lethaL This 
goes to show that the venin remains intact alongside the 
antivenin, or that it had formed a very unstable union with 
it. This method of settling this important question in other 
instances is not applicable, because in them heat afTects 
equally the toxin and its antidotal serum. From this it 
appears that it cannot be assumed that the antitoxin acts by 
producing any very definite chemical change in the toxin, 
and yet, at the same time, its antidotal action is difticult to 
imagine without supposing that some such effect is produced. 

The next point bearing upon our general sniiject to which 
I would draw your attention, and which has important 
relations to questions connected with blood-serum, is certain 
functions which the white blood-corpuscles or leucocytes 
have been shown to possess. Until quite recently the white 
corpuscles of the blood received little attention, and it is 
doubtful whether they were accredited with any important 
role apart from their being a possible source of red 
corpuscles. In consequence of this ignorance, the glands 
in which they were produced had not the place given to 
them to which they are entitled, in view of the recent light 
thrown on the function of the cells produced by them. 

The new light thrown upon these cells is the outcome of 
investigations in connection with bacteriology. 

II was found that when microbes were locally inoculated, 
the results which followed indicated that an effort was 
exerted by nature to combat and to counteract their 
harmful influence. The specially novel discovery in this 
connection was the action which the hitherto almost 
despised leucocyte played in this process. It was shown, 
for instance, that what was practically an active struggle 
took place between the leucocyte and the invading microbe. 
Under certain circumstances ihe leucocyte was victorious, in 
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Others the microbe. When the former was the case the I 
lencocyte took the microbe into its interior and destroyed it 1 
t»j a process aualogous to digestion in unicellular organisms, I 
^k.ad this power led to theae cells being named Phagocytes, 
3^uid the process Phagocytosis. Ou the other band, when 
"^he microbe was victorious it killed or pai-alysed the 
leucocyte, probably by the action of the toxines produced by 
3t. The inflammation which occurred at the part thus 

Pliecame a beneficial process, which had, as one of its most 
Meential elements, the local supply of an additional number 
of leucocytes. In addition, however, to a local Increase of 
leucocytes, it has been found thitt in many instances there 
was aa appreciable increase in the number throughout the 
blood generally, from which it was inferred that the toxin 
locally produced had a stimulating effect on the organs ■ 
forming white blood-corpusdes. That this is so has beea i 
■hundantly proved by a similar effect being produced when > 
toxinea, apart from the microbe producing them, were in- I 
jected. Not only has this been shown to be the case, but, 
ID addition, it bas been shown that the introduction of 
antitoxic serum has in many instances a similarly stimulat- 
ing effect upon these organs. In many cases the influence 
vhich the antitoxic serum has in stimulating and increasing 
the fighting power of the leucocyte can be demonstrated. In 
no case, perhaps, is this better seen than in the case of 
diphtheria, where, as a result of antitoxic inoculation, the 
leucocytes accumulate at the seat of the local invasion, and 
actively and successfully destroy the diphtheria bacilli, thus 
preventing the further development of toxin. 

In various other instances the proportion of leucocytes 
in the blood is au indication of the virulence of the toxin 

Pleing produced in the course of a disease of microbie origin. 
For it has been found that, as a rule, if the toxin be very 
Virulent no increase of leucocytes takes place, the toxia 
having a paralysing effect upon their production, It thus 
follows that a toxin of a moderate measure of virulence 
stimulates the natural fighting power of the leucocyte, while 
a higher measure of virulence renders it helpless and 
passive. 
^ VOL. XIIL 
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I do not attempt to trace the steps by which tliis im- 
portADt discovery was made, but yoo can imagine what an 
attractive and almost startling diacovery it was to find that 
there was in the body a standing army of this kind, its 
members Hying about in the blood stream, ready to pounce 
upon and destroy any noxious matter or active microbe, and 
haviug depots scattered all up and down throughout the 
body, most numerous where the danger is greatest 

This phagocytic action of the leucocytes is so marked and 
so capable of demonstration in some cases, that some of the 
more ardent upholders of it seek to explain the preventive 
and curative effects of serum to the in&nence it exerts npon 
the leucocytes. They argue in this wise. The phagocytic 
action of the cells is assumed, and the important influence 
of the blood-serum is also acknowledged, for in some cases 
it is too striking to be denied. It is suggested that the 
constitution of the blood-serum depends a good deal upon 
the influence the leucocytes exercise, that, in fact, they 
elaborate substances which are required for the defence of 
the body, and that they give up these into the serum. It is 
contended that the action of the antitoxic serums is to 
stimulate the production of these defensive substances, and 
that in this way immunity is effected. 

The subject is very complex, and I thhik it extremely 
improbable that any rigid explanation of tlie varied pheno- 
mena is applicable. 

As to certain facta there can be no question, and as to 
certain etl'ecta there is none. Putting it in relief, the facts 
are, that certain toxines are fatal, that by various processes 
animals can be rendered proof against this fatal action, aud 
that the serum of such animals renders other animals also 
proof against tliem. This is evidently and necessarily due 
to important modiflcations in the blood-serum, but what 
these precise modifications are have not yet been fnlly shown. 
That the leucocytes and the tissue in which they originate 
play an important part in the production of the effect is at 
least probable, since it has been found that it is impossible 
to render an animal refractory to at least certain toxines, as 
tetanus, if its spleen has been removed. While Ihia is so, 
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^m then is a still further reaching aspect of the c|uestioD. Thai 
^m immunity is not, as it were, confined to the blood, it is moi^ 
^m or less possessed by all the tissues and organs. This i 
^m proved by the fact that the milk of an animal rendered! 
H rofiBctory to a toxin, is to a degree capable of conferring^ 
r immunity upon another. Not only this, but the yoimg born 
f "fan immuniBed parent are also more or less immune. This 
I s'lowg that the inUuence is a very far-reaching one, and that 
1' really comes to be a vital modification of every cell, and 
^psble of transmission to new generations of cells. ThiaL 
*etBdity of immunity has been shown to exist even in regardi J 
^ snake venom, and it has been proved in regard to othei 
^d as deadly poisons. 

It may not be out of place here to recall to you th([l 
Ciwerfnl story of JHnie Vernier, whose mother's life had I 
k^iIoQged after she was bitten by a rattlesnake, while thetl 
■ughUr with impunity dwelt amongst and presented mentrfl 
raits suggestive of those dangerous reptiles. (I 

' I must say that to my mind this aspect of heredity, orC 
iie finggestiveness of the facta in relation to heredity, giv^ 
heredity a very curious and a very real importance. 
And what heightens the curiouaness of the facts is, that 
hereditary immunity can be acquired by the parent 
being rendered immune through the stomach — this is true^a 
of serpent venom for instance, but is not true of all toxine^V 
Ibr some are destroyed by the digestive process when intro-f I 
duced into the stomach. 

, at the outset, indicated to you the importance of tlwl 
tiiyroid secretion, and that it could be introduced through^ 
the stomach. I also dwelt upon its importance for the due 
performance of brain function and the manifestation of mind. 
] do not seek to push the analogy, for it would probably 
Weak down, and would probably be false, but one may be 
Allowed to indulge the humorous and curious possibilities 
yhich the analogy suggests, without being called i 
defend them scientifically, 
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X. Tfte Tufted Duck in Scotland: Ua Increase and Dixlriiu- 
tion. By J. A. Harvik-Buown, Esq., F.PwS.E,, F^.S. 
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The facU upou which the following conclusions are baaed 
have been communicated to the Annals of Scottish Natural 
History, and appear in the January (189()) number of that 
magazine. 

The present paper treats somewhat more fully of the Con- 
tinental distribution, and subsequent dispersal in England 
and Ireland, than was attempted in the portion exclusively 
confined to Scotland. 

Since the Annals paper was printed off, I have received 
a letter from Mr J. G. Millais, in which a very early occu- 
pancy of Loch Levea is hinted at — presumably as a winter 
visitor — and which I consider of sufficient interest to quote 
here. Mr Millais writes as follows : — 

"When I first began going to Loch Leven, in 1879, 
Sir Graham Graham -Montgomery's boatman was John 
Maunderston, a most observant and charming old man, and 
devoted to birds. He died about 1884, if I remember 
rightly. AH his life he had studied birds, and had lived 
beside Loch Leveu. I perfectly well recollect talking to 
him on the subject, and his saying that the tufted ducks 
had been on Loch Leven ever since he was a boy (he died 
at about seventy years of age), and that he had often heard 
his father speak of the same ' black and white dukere ' 
living and nesting there. Personally, I have little doubt 
that Loch I^veu has been favoured with their presence for 
a very considerable period — much longer, probably, than 
any place in Scotland, the superb feeding in the islands, 
and comparatively warm climate, are all such as would 
attract them. I have no written authority for saying that 
the birds were there at the begimiing of the present century, 
but I believe what MaunJeraton told me about his father 
frequently referring to their presence on the lake," 

Regarding these statements, I have no remarks to make 
at present, but I was in communication with Sir Graham 
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Grabam-Montgoiiieiy, in the hope that something more 
definite regarding Mr Maunderstoo, and any possible written 
memoranda left by him, might have been preserved by his 
descendants, >mt I have ascertained nothing of sufficiently 
definite character. 

I propose first to present some idea of Toe CoNTl^fENTAL 
Distribution, down to the dates of Dresser's "Birds of 
Europe" (1878) and Gatke's "Heligoland" (1895). The 
tirst-named author says in effect: — Absent in Iceland; once 
recorded in Fferoe in June 1872 ; found nesting in north 
and south of Norway, but nowhere numerous ; Lake Enars, 
and north of Finland and Sweden, less numerously in the 
Bonthem districts ; not seen on the Delta of the Dwina [in 
1871] ; scarce on the Lower Petchora [only two examples 
met with in 1875]; but generally distributed in Central 
Bussia ; very numerous in the N. (?) Ural ' and S.W. 
slopes ; 7wt in Poland, except on passage ; nests in N. 
Germany in several places; occasionally in Denmark; and 
still rarer in Holland, Belgium, and north of France; 
and thence southwards, it is spoken of as wintering, or 
as passing on migration along the coasts, and by the Ithine 
valley. 

Giitke tells na the Tufted Duck has only occurred 
at Heligoland in a few isolated instances, but remarks: 
— "This is less surprising, seeing that it is pre-eminently 
an Eastern species, its nests being rare and isolated in the 
north of Scotland and Norway, but becoming more frequent 
' I qooned tlie ijuotation horn Drrsacr us regards ita distribntion in 
North Rnrais. and bave been in corrsiipondeDoe with him, and ha agrees with 
me that there is probably a slip in the statemont in The Birds of Earopa 
(1878), He writes (23til December lSi>£i): "I hare not had an; reply from 
Htnxbifr rf Tafted Dock yet, though he has answered two other qucrieg. I 
■rata mgiin, and directly I hare an aaHwer, will let yon know. I ahonld 
nj," coutionea Mr Drosser, '"Ea«t of White Sea is correct,' and that *]m 
it ihould be ' the Urals on their soath slopes.' " The above reference to dia- 
tribntioD "east of the Whits Sea" is in reply to my criticism of tbestatsmeat. 
in Sanoder's Mannal of British Birds {q.r,, p. iSb), in which the Con ti- 
Mntal distribmioQ is spoken of thus — " beyond the Arctic Circle it ia 
CMnparatively rare." I believe this Utter drscnplion does not auiBcientljr 
onSne the limits of its noKhern distribution, and a more loathem latituds 
tbonld be quolwl. Vide Annals and Msgiziue of Natural Hjstorjr, April 
1817, p. 1B3 ; July 1877, p. 119 ; and Ssplrmber 1S77, p, 153. 
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in Northern Sweden and Finland, while Northern Asia 
forms ita principal breeding area (vide ' Heligoland as 
an Ornithological Observatory,' p. 533. D. Douglas, Edin- 
burgh)." 

From the above remarks 1 conclude that the original 
trend of autumn or winter migration of this species was — as 
is the case with most ducks and swimming birds — from north 
to south ; but that in course of time conaiderable deviation 
from the due nortii to south direction took place, as areas 
along the old route became congested. Also I think we 
detect the teudeucy on the Continent to disperse and extend 
the breeding areas on lines from easterly to westerly direa* 
tions, leaving out, however, the " turning points " ^ (Gatke) 
before reaching Heligoland. The distribution along the 
British coasts seems to take place along the south to north 
or south-west to north-east spring lly-linea. 

I think we can scarcely expect to find it extend to Freroe, 
Iceland, or Greenland as a breeding species for a long time 
to come, if at all, as that would entail an autumn or winter 
migration from localities still farther east and north, and a 
return again in spring. Thus, recorded occurrences of the 
birds in F^roe even as late as June (Feilden), and others 
in Shetland and Orkney in winter after stormy or excep- 
tionally severe weather, indicate an expansion from the east 
or north-east. But Ficruc is not, perhaps, suitable, because 
most of the lakes are rocky and very bare of vegetation, 
which conditions, even in more favoured climes, are not 
those whicli the species affects for nesting localities. 

I cannot think that we at present get great accessions 
to the host in winter from Norway, as the bird is rarer along 
Uiat seaboard ; but that Finland and the districts east of the 

> Herr (lutke clearly eiplsins that many apeciea find tbeir turning pointi 
from eaat to west migration bt/nre rMcbing HFUgati.a<l, pHBtog down tbs 
Continental coast, and thence, no doubt, by the Rhine rallef, and bj th* 
couti oF F^an(^e and Spain, and it tipcnis lilculy that England first, and after- 
wards Scatluid, have been indebted (or thoir first pioneers of the ip«ciea to 
indiTiduala which have overshot their north lo aouth line in autumn, bot 
hare again returned by the sane or ntarly the same route in spring. In 
this connection, 1 recommend a perusal of Mr Wm. Brawaler'a •ppraprlat* 
■rUcle in the Memoirs of the NuCUU Ornithological Club, Bo. 1., Bird 
Uigratiuu, part ii., pp. 11-22. 
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Muonio river ami the great Lake Enare contribute some 
^uota vid the Botbniaa Gulf and Baltic there is no positive 
reason to doubt. 

That any, or at least many, cross the high backbone of 
mountains of the Scandinavian peninsula from Lapland and 
yinmark ai onct after leaving their summer quarters, apon 
an east to west route, is, I consider, fMremely unlikHy, and 
I cannot think we have any evidence to show iliat such is 
the case. The few pairs, or, let us say, the comparatively 
email community which is reported as nesting in Northern 
Norway, is more likely to have obtained its meagre supply 
from birds which, pursuing a course east to west along tlie 
North European coasts, have reached their turning point at 
the North Cape. In 1872 Herr E. Coliett reported the 
species as " nowhere numerous " in North Norway, and in 
ISIJl he is silent as to any increase. As Falm^n has lucidly 
explained — ^Migration routes are not irregular, but can be 
geographically determined. These routes lead from the 
north to the south, for diSerent species, in the most various 
directions ; but, he adds significantly, " in places outside or 
between these routes the birds do not usually occur " — i.e., 
the birds of the species specially referred to by him. 

Indeed, as I think can be gathered from our entire accumu- 
ktion of facts, this species does not appear to take delight in 
crossing any high ridges or chains of mountains when on 
passage to and fro either in autumn or spring. The tendency 
of the species is distinctly to become sedentary or stationary 
once it has taken up and occupied new breeding centres. 

And this, I think, is the place where I desire to say — 
vhile I have spoken of, and will likely use again, the terms 
" linea of least resistance " and " general migration flight," 
I do not wish to be understood to mean thereby any refer- 
ence to the higher air strata at which it has been shown that 
many birds travel. Tliat is a somewhat different and possibly 
a more diiHcult branch of the subject. 1 am only speaking 
of the intluence of land-contours as may be presented 
to bird's-eye views from comparatively low sky-altitudea 
wben birds are approaching downwards and landwards for 
purposes of feeding, rest on a journey, or airiving at their 



r 



"genenl 1 



148 Pr<K(€dings of the Royal Physical Society. 

Bummer or at their winter quarters. The great ' 
mtgratioD 6ight" is performed, as Herr Gatke tells us, irre- 
spective of great river-valleys crossing the line of the migrants' 
aerial path. I conceive the great reasons for this to be that 
the birds have not nearly accomplished their journey nor 
reached their winter quarters on an east to west migration, 
and also that their requirements of rest or food have not 
necessitated their descent.. 

Moreover, the rivers east of the Baltic and White Sea— 
as travellers in North-east Europe and Siberia know — have 
higher banks on their eastern or right banks than on the 
western or left banks, and on their passage westwards the 
birds have no serious obstructions to surmount, when the 
full swing of the grand migration is developed, until the 
White Sea for some, the Baltic for others, and the backbone 
of the Scandinavian peninsula for yet others, are encountered, 
a few only passing round the North Cape. 

For instance, as Giitke tells us, the Richard's Pipits annually 
visit and rest upon Heligoland in considerable numbers, and 
their breeding haunts are known to be east of Loch liaikaL 

We must take into consideration also certain circumstances 
of climate and general suitability, as it is unreasonable to 
expect a species, in making its pioneer advances, to select 
localities which are unsuitable to its habits and food supplies 
— at least during its earlier movements. Later, when areas 
become crowded or over populated, then and tlien only would 
it be reasonable to look for an expansion to areas of less 
suitable nature ; and then and then only could we expect to 
find any species begin to undergo modifications in habits or 
food to suit new descriptions of locales and circumstances. 
When this later stage is reached, the next development takes 
place — the " selection of the fittest " in this struggle for 
existence and extension of range, or, otherwise, the extirpa- 
tion of the extending lines. 

That this extension is the result of special instinct or 
effort on the part of the birds themselves I cannot admit. 
This impulse is engendered by outside circumstances, or 
environing causes equally afTecting the lirst pioneers and 
their after - followers. This I have illustrated before in 
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several papers of a similar character to this one. Thus 
Capercaillie hens are the first to yield to pressure of popula- 
tion at a breeding centre, and by force of circumatancea fly 
outwarda and follow " lines of least resistance " or " avenues 
of escape." They are followed by the males in course of 
time, when the impulse becomes too strong to resist; but 
they are not followed, because the males know where to look 
for them, but because they are influenced — or governed — by 
the same circumstances, illustrating the same Law in NiUure, 
which in the earlier stage affected the female pioneers. So 
fully has this been recognised by Scandinavian authorities, 
when speaking of this periodical outburst of males froni 
previously populated centres, that they say of the Capercaillie 
cocks, that they "forfiyga. aigl' or " fly they know not 
whither." It is not so-called " instinct " which enables the 
birds to find their partners, which have preceded them, but 
determining causes, outside of their will or "instinct"— 
Law of Dispersal which seems to me to result in a natural 
outcome of following what has been termed — "the lines 
of least resistaTice." It is not chance, for there is no such 
item. In course of time the areas along these "lines of 
least resistance" become fully populated, and in the earlier 
progreaeive movements, only the likelier haunts are occupied. 
Later, when pressure of population takes place, new liries of 
dixpenal are opened out, say right and left of the principal 
axcKues of escapt, and so, onward, and outward, the waves of 
distribution pass. But knowledge of these localities outside, 
or to right and left of the more beaten tracks, can only be 
attained by individuals after some years — it may be less or 
more — of biannual migration in auiuinn and spring. In 
such a procession, many are left, but perchance few are 
chosen. The best colonists take up the new abodes, the 
weak, as a rule, go to the wall. 

Now, as regards the localities which appear to be most 
affected by the Tufted Duck, I believe that the following 
short description, in general terms, will suffice, at least to 
show the drift of my argument. So far as our facts teach 
us, the Tufted Duck affects lochs, lakes, or ponds of con- 
eiderable size ; also such as possess no great depths of water 
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— say 10 to 15 feet or shallower; wliicli abound in their 
favourite food-supplies — plant-life, Crustacea, and larva;; 
which likewise contain islands, or have their shores deeply 
clad in luxuriant vegetable growth — aquatic or semi-aquatia 
preferred — and selecting the lochs at the lower elevations 
above sea-level to mountain lochs or tarns. The Tufted 
Duck being a true diving duck ("Daucker" or "Dooktr" aa 
it is named in common pbrase with the Golden £;e, and 
some other speciea of FuUijulai), it prefers comparatively 
shallow water of some expanse, and usually places its nest 
amid the densest growths of water- or land-plants it can find. 
According to the relative size and depth of various habitats 
will their numbers be small or great, if other amenities are 
present. Each pond, loch, or reservoir will hold its requisite 
supply, and rapid increase beyond the power of each to carry 
will result in (possibly sudden) decrease there, and sudden 
appearance elsewLera 

How admirably the sheets of water which at present 
attract them for breeding purposes fullil these conditions in 
the eastern areas. Principal among these are : — 

Yetholm and Hoaelaw Lochs in Itoxburghshire (" Tweed "). 

Lochs of various sizes in Selkirkshire. 

Loch Leven in Kinross (Forth), and nutnerons stnaller 
sheets of water in Fife. Loch Lindores (Tay), and the 
following in the same drainage area : — Lochs Dupplin, and 
mill-ponds in the same district. Loch Butterston and others 
near Uunkeld. 

Lochs in the neighbourhood of Forfar — Rescohie, etc. 

Loch Skene, Loch o' Park, and artificial lakes on Haddo, 
Aberdeenshire. 

Looh Stemster, in Caithness. 

And in the western areas : — The lochs which lie close to 
the Solway Firth in Wigtownaliire and Kirkcudbright, and 
a group of lakes and reservoirs which lie near the eastani 
county marches of Eenfrewshire (" Clyde "), and in a minor 
degree Loch Vasaapol in Tiree. 

These are the presently occupied head-centres of the 
Tufted Duck in Scotland, and it is still spreading and 
increasing annually. 



n, Tujttd Duck in Scotland. 151 



There are, however, other equally suitable sheets of water 
as yet entirely unoccupied, and which must be for the present 
conaidered to be too far to the right or left of the main lines 
of the "general migration" flights, or of too difficult access. 
Of these, I may instance most prominently Loch Spynie, 
and many other lochs within the Moray liasin Watershed. 
I have not a single UTuiouhled record of its nesting any- 
where within this huge natural faunal area, up to the date of 
going to press, and this, as my readers will find, long after 
Caithness centre became populous, and long after Loch Leven 
"swarmed" with them. It appears to me that Moray is one 
of those curious blank spaces, so to speak, as regards this 
species, which Falmen refers to as lying "between the 
routes," and it is scarcely less curious to find, that the 
elopes which face the south and south-east, and are thus 
more easily ac<:e88ible to birds approaching from an easterly 
or south-easterly direction, are at the present time mostly 
preferred on the East Coast of Scotland and England ; while 
such as are on the north sides or face the west and south- 
west, or are most easily approached from the south-west, are 
witnesses to earlier occupation on the West Coaat, though 
not 80 early as those upon the East Coast; or otherwise, 
the autumn Highta are brought up by the suitable feeding 
or nesting haunts when pursuing their course across Scot- 
land from north-east to south-west; i.e., if siieh fiigkts take 
•plaot at all, even across out lovxst watersheds, in normal 
amditions of weather, a possibility I cannot say I distinctli/ 
Tealiae at present. 

The argument that more suitable localities happen to 
occur on these slopes facing the south-east than on those 
facing the north, may be partly a reason for their later 
occupancy of the latter, but is insufficient in itself, I 
consider, to account for this partiality. If there were no 
other reasons intluencing dispersal, how con we account 
for such a role being broken in the vastly favourable 
areas of the Moray Basin, west of the dividing mountains 
between " Dee " and " Moray," as shown by our present 
ttatistics ? 

1 now come to consider such side lights as nmy be 
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thi-owii upon their dispersal, by their paat and presenb 
distribution in England and Ireland. 

Without going into unnecessary detail, we find that the 
Tufted Dack la still spoken of, in the latest edition of 
" Yarrell's British Birds " (Saimdera). as " best known as an 
autumn and winter visitor to this country," but the earlier 
records of its nesting in English localities are given, as also 
are its extensions to ot.her and more northerly localities at 
later dates during the last few years, and farther south in 
Norfolk. It bred first at Malham Tarn in Yorkshire, and at 
Serlby in Nottingham, about 1849 to 1851, and at Osberton 
about 1854.' and has extended north to South Lancashire 
{in 1884) and South Yorkshire (1880J, and farther to the 
south in N'orfolk first as early as 1876. At present (i.e., in 
1885, date of issue of Saunders's " Yarrell '") "its headquarters 
appear to be on the ponda at Newstead Abbey, Raiuworth, 
Clumber, Welbeck, Eufford, in Nottinghamshire." 

Since the above was written, I have received the follow- 
ing note from my friend Mr J. H. Gurney — " The breeding 
of the Tufted I>uck in Norfolk was not established till 1873, 
and in 1876 it was placed beyond doubt by Professor 
Newton, who flushed and identified a Tufted Duck from six 
eggs at Stanford Mere, near Walton. In 1889 tlieir numlwrs 
had increased to thirty breeding pairs on this piece of water, 
and, I am glad to say, they steadily hold their ground in 
suitable places in West Norfolh, hut they have not txlended to 
the "Broada " on the eas( side of ovr eounty " (J. H. G., in lit., 
November 14, 1895). I have italicised the last passage, and it 
is further accentuated by correspondence on the subject with 
Professor Newton, and by the details given in Stevenson's 
"Birds of Norfolk," vol. iii, p. 211 et stq. 

Professor Newton adds {in lit., January 4, 1896) to othec 
information: — "Though Tufted Ducks bred a good many 
years ago in Yorkshire, Northumberland, or Durham, and in 
Nottinghamshire — it has always seemed possible that my 
brother and I had something to do with the colonising of 
Norfolk, We bad pinioned birds breeding at Elveden in the 
fifties, and, I think, did not always take up all the young, so 

' ride Sterhod and Whitaker'n Birds of Nottingbamshire, p, ^6, 18(9. 
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breeds on Loagh Erne, and is said to be increasing there too, 
but I could not say that any ' vast ' increase has taken place 
anywhere. I think it may now be considered as ' breeding 
commonly,' i.e., regularly, but not in large numbers. Want 
of systematic observation and inquiry prevents my answer- 
ing your query as to when the present supposed increase 
tegan to be noticed. It breeds also in County Monaghan, 
and is reported from Donegal, but I have no information as 
to Lough Fearn. It is repoi'ted from several other Irish 
counties outside Ulster. Twenty to twenty-five years ago, I 
have seen as many as 400 in one ' paddling " in Belfast Bay, 
They are abundant on Lough Neagh in winter, and are some- 
times taken in nets there, and at Lough Beg, and on the 
lower River Bana, where it leaves the lake ; but I think such 
captures are more by accident than design. A tew years ago, 
four were sent to me that had been so netted — these out of a 
much larger number." In a subsequent communication, Mr 
Xloyd Paterson tells me : — " The netting is done practically 
all round the lake (Ne^h). The nets are set on the bottom 
Vy waigiiting with atones, holding them perpendicularly by 
corks. They are netted iu thousands in 15 fathoms of water, 
also the Red-head or Pochard." 

The principal interest of these side-lights of Irish distribu- 
tion seems to me to be in the fact that the Tufted Duck was 
such an abundant winter visitor, and was 8(f well known to 
be so, long btfore it was recorded as a breeding species in the 
cast counties of England, and also long before it came to be 
known, or was obtained by the punt-shooters of the Solway 
Firth, as vouched for at the date of 18S8 by the Rev, H. A. 
Macpherson in his work on the " Fauna of Lakeland." 

Our blank in consecutive records iu Ireland is somewhat of 
a stumbling-block, but so far as the ascertained facts indicate, 
the earlier records of its breeding were in the north, and near 
the northern extremities of its winter residence. The question 
naturally arises. Whence was Ireland Jirst visited ? Was it by 
the higher-flying squadrons which Gatke believes cleave the 
higher strata of atmosphere, which are bent upon the longest 
or overlapping journeys ? I have myself before now wit- 
oeased both actual departure and actual arrival of several 
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species from and at their breeding hannts ; and I relate 

some of these personal experiences in nnother place /or what 
ihcy way he considered worth. (See under Oyster- Catcher, as 
an example, in the " Fauna of Moray," when issued.) 

Id conclusion, and as a reaniu^, my readers will, I 
believe, realise from the statistics given in detail in my 
previous paper in the AnnaU, that the record from Lewis 
Dunbar as earliest hreeding of the Species in Caithness, pre- 
dates our first earliest wiiitcr record in Tiree by some t«n 
years. Also that the earlier ■winter or autv/mn record in North 
Konaldshay, and my own in the south of Shetland, most 
nearly correlate with the first breeding record in Tiree ; and 
further, that the earliest breedimj record in Orkney correlates 
also with that in Tiree. Now all this time the whole of the 
Moray basin has been almost unfrequented even in winter, 
but a few isolated occurrences have been recorded from the 
localities on the western watershed. We may still justly 
consider the whole of the Moray basin, and the Hebrides 
and West Uoss and Skye, as blank as regards the residency 
of the species, and only visited in seven: weather, with the 
exception of the few instances I have given — Loch tiown, 
etc. {Annals, 1896, p. 19), one loch on the north-west frontier 
of Moray, and possibly the Loch of the Clans and Loch 
Flemington. 

Also that, while Caithness in the extreme north-east had 
become populous, Solway was almost a blank, though Ireland 
held them in thousands both in fresh wnter and in tidal 
areas ut the same time, and for many yeara previous. And 
tiiat south of the great Geological Fault contains earlier 
records of the birds breeding than anywhere to the north 
of it, and even a little earlier than Caithness. And that, as 
yet, the birds are only approaching — quite of recent years — 
a line drawn across Scotland about the centre of " Argyll " to 
the "Tay" watershed in the west, and breeding only, so far 
as recorded, in the island of Tiree. 

The questions of interest raised by the foregoing account 
of the dispersal of the Tufted Duck seem to me to be: — In 
how far is Great Britain indebted to a direct expansion from 
easterly earlier centres of reproduction along the ])araUel3 of 
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itude ; or, ia other words, whence did we draw oar earlier 
Ikieers ? Did they come to our ahoree first in wintei 
batumn, from congested areas of occupation in Central 
b£astera Europe, and Asiatic sources south of the great 
ithermal line? or from more northern extensions of their 
ptinental range — saj from the later qualiiied and more 
^ly populated areas in Lapland and the eastern portions of 
rthem Scandinavia ? or, as some seem to believe, direct 
I the thinly populated areas of the western watershed of 
rthern Norway i How doua it happen that Heligoland 
\ to remain almost entirely unvisited ? Why is our 
ray basin almost a blank, as also Fi^roe and the Outer 
pbrides, and the west coasts of both England and Ireland ? 
has Caitlinesa become populous — perhaps second in 
importance to Loch Leven only, and to the areas of Tay and 
Forth on the noi th side of the latter ! Why have the whole 
oreaa of Moray and the fringing counties of the south side of 
the Firth of Forth been so long delayed in receiving a share 
of the wanderers ? Why has Tiree yielded first record of its 
nesting anywhere north of Clyde in the west? Now, 
England bears the earliest group of dates, and that in Not- 
tingham (1849 to 1851, to 1854), and in Norfolk again in 
1873, In the latter county, as Mr J. H. Gumey informs us, 
'• steadily holding itH ground in suitable places in West Nor- 
folk; but," he adds, "they have not extended to the ' Broada ' 
^^Ui iho e^st side of our county" at the present time. I 
^^MMiId ask. Why is this ? Arc tke " Broads " less suitable t 
^^^ In Ireland, again, the earliest known nests appear to have 
been recorded between 1875 and 1882; hut it also appears 
that no " vast increase " haa taken place anywhere, although 
the quantities of birds seen in autumn and winter and 
spring are large enough. Irish naturalists allow that want 
of systematic observation may partly account for paucity of 
records, and the " beginnings of its increase " may therefore 
have been overlooked. 

On the north-west coasts and Lake District of England, or 

tooth of the Solway, it is not even yet proved to have nested, 

i the late date of 1888 is given as its early appearance on 

D Firth ; but, on the other hand, Wigtown and Kenfrewshire, 
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in the eaat (note it) of the county first, and in the west later 
on, became populated, and the Clyde tidal water populous. 
Then the area around Locli I^mond, or between Clyde and 
Loch Lomond, became, of late years, inhabited. But ontaide the 
Mull of Cantire we have na yet but scant records except from 
Tiree ; and not until the winter of lS94-9o baa it appeared 
abundantly, as coming into Mr Bisshopp's hands in Oban, In 
strong contrast to this are early accounts of it at Loch Awe, 
and its 6rst appearance in Bemony Bay, on Loch Tay, in the 
spring of 1880; and in the past winter of 1879-80 they had 
there " appeared and continued in unusual numbers all the 
winter," and that " most of the duck tribe appeared earlier 
by a month." (See Dewar's information.) 

I could continue this analysis or reaumt^ of my paper, 
Rud instance many other correlating groups of facts, but I 
feel I have occupied already too much time and space; yet 
I hope I have succeeded in grouping these facta through- 
out with sufficient incisivenees to enable others to compare 
them, and I trust the map accompanying the paper in the 
Annah, and the explanation facing it, along with the index 
to it, will assist in doing so. 

Just lately we have read (and re-read) that in the Muoaio 
Iiiver district of Russian Finland, Mr A, Sutton Daviea " waa 
surprised to find the Tufted Duck so common as it was." 
This is east or north-east and north of the Bothnian Gulf, 
and the Muonio Eiver drains into it, rising far up among 
the mountains of the "great divuh" of Scandinavia. The 
Muonio runs through a low and swampy country during the 
greater part of its course. The migration of the Tufted Ducks 
of this now populous area or centre in all probability follows 
the depression of the Baltic, and pursues a course down the 
coast of Holland to populate the Mediterraneau in winter, 
missini/ out Ildigolandf aa other species do at their turning 
points ; or if a few, or any, round the south coasts of Sweden, 
and come to us then from the east, they may equally miss 
out Heligoland in passing, or pass too high for observation, 
not lowering in flight, as it does not constitute their wintering 
area (see Zoologist, 15th September 1895, p. 331). East and 
north-east of the White Sea — so far as naturalists' observa- 
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tions have been recorded — let it be remembered the Tufted | 
Sack ia rare, or was rare, at all events, as late as 1871 and ' 

1S75 (Petchora River and Dwina Delta), and we are not 
aware of any later increase in these parte. 

How far these questions can be answered and tltese difQ- 
culties got over — I mean as regards the dispersal to our 
shores of Britain — may perhaps appear to those who are not 
already wedded to what may seem "a more reasonable and 
direct dispersal from the north direct," if they study carefully 
the facts we have tried to group in the body of the paper in 
the Annals. It only remains for me to say it does appear 
to me that there is a distinct dispersal from original centres 
in the east, westwards, influenced by the isothermal lines, 
and checked only by either vast expanses of ocean backed 
up by mountain chains intersecting the general course of 
their east to west migration. And I may perhaps be 
pardoned for thinking that our facts go to prove, or at 
least to suggest another possibility, which may shortly be 
stated as follows: — Tufted Ducks, as we know, are naturally 
of sedentary disposition. It seems almost that they first 
colonise towards the centre of their migration area. As I 
have endeavoured to illustrate, their fly-lines are interrupted 
by physical obstructions, notably mountain chains, and 
individuals first colonise closest up to these obstructions to 
their routes, and afterwards the surplus surges back as 
it were along the lines which on their previous migration 
oHered least opposition or resistance (as individuals, not aa 
the whole species). In fact — if this reading be correct — the 
Tufted Ducks first colonise areas suitable to their require- 
ments, nearest to the limit of their individual unnicr termini, 
and subsequent dispersal takes place by the retrograde steps 
of their spring movement ; or pressure of population may, 
and doubtless does, result in finally pushing many over 
these obstructions ; but, sq far as our present facts take us, 
^lliere is little evidence indeed to show that our western and 

(tern areas of distribution of the species are indebted to 

le same avenues of approach, 

It appears to me also, that possibly the converse state of 
iQiings to that represented by the dispersal of this distinctly 
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eastern species, may be shown in the dispersal of certain 
others — viz., a west to east dispersal, locally escaladiog our 
mountain chains by sheer force of accumulated numbers, 
after all easier outlets and "avenues of escape" have first 
been overcrowded by migration, and afterwards overcrowded 
by actual permanent occupancy. Facts long accumulated 
enable me to at least imlicate this possibility in the case of 
two species — viz., the Goosander and Merganser — species of 
as eminently western or north-western origin and concentra- 
tion, as the Tufted Duck is of earlier eastern occupancy. We 
also have numbers of facts which go to prove (or suggest, let us 
prefer to say) the courses of dispersal of many woodland species 
of totally different habits and powers, the movements of which, 
however, be it said, are often more intricate to follow. 

Readers will tind further remarks in the forthcoming volumes 
by Mr Buckley and myself on " The Moray Basin." which we 
trust may be found worthy of perusal under several species, 
especially under a woodland species — the Kedstart. 

Mr Hancock's records show it to have been a breeding 
species in Northumberland as early as 1859,' and Professor 
Newton writes me of what he considers the earliest record 
in Britain, viz., in Nottingham in 1851. I am not aware, 
however, of any nesting sites in Northumberland which are 
located within the watershed of Tweed. 



XI. Note on the Occm-rence of the Larva of the Drone-Fly 
(Eristalis tenax, Liim.) as a temporary Endoparasite in 
Man. By J, Arthur Thomson, M.A. 

(Rood 18th December IS9S.) 

It has seemed to me useful to place on record what 
I believe to be, to say the least, very rare — the occurrence 

of the larva of the Droue-Fly {Eristalis tenax, Linn.) as 
a temporary parasite in man. I make this note from a 
zoological standpoint; the physician in charge of the c&ae 
will take account of the medical aspects. 

' I'idc Bir.U of NorthumlwrlauJ and Durliaiu, p. 155. 
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On the 1st October, Dr P. M. Hiitton, one of the residents 
in the Royal Infirmary, brouybt me a living larva, which, 

filoDg with two others, had been passed per anum by aj 
patient in one of Dr Wylie's wards. I have to thai 
Dr Wylie and Dr Hutton for the three apecJinens whichj 
[ exhibit, and Ibr allowing me to record the occurrence. 
I had little difficulty in identifying the larva as thel 
"rat-taii" larva of the Drone- Fly; on comparing it with-l 
a specimen kindly sent me by Dr David Sharp of Cambridge,! 
I could only discern trivial difl'ereuces. 
Therefore I need hardly say that the parasite larva had » ' 
telescopic respiratory tail, a pair of double horn-like pro- 
jections on the head, seven pairs of bristled stump-like 
appendages, and so on. The larva; were long ago described 
I ty R(^auiiur, and have been recently studied by Wilkinson.^ 
I Uiall, Buckton, and others.' I am solely concerned here I 
' with noting their occurrence in man. 

It is unlikely that this has not been noted before, but I 

\i have been unable to litid a reference. Of course cases o£ J 

P* myiasiB," due to various dipterous larvie, have been often I 

served.* 

As to their introductiou into the patient, I am told that ' 
l^n 24th September he drank from a spring on Luffneas Golf 
I links, and that in a few days he began to sufler from 
I diarrhtea, etc. The three larvte were passed on 1st October 
f -in the Hospital, but it may have been that these were not 
l^'lbe first. I 

Although it is probable that the patient swallowed young ' 
larvic along with the water drunk on the links, there are two 
zoological difficulties — (1) that the eggs are usually laid and 
the laiv£e developed in stagnant water contuiuiug animal or 
fiecal matter, or in some moist carcase ; aud (2) that the . 
period between the 24th September and Ist October ia very | 
short for the attainment of almost the full larval sizi 

ProFo«»cr L. C. MUU, Naturnl History of Aquatic Ineects (LonJon, 1896). I 
For a detailDd bibliography bm rrofosaui U. Bruun, Dio Thiu-iacfani J 
liten dea Mengcban, 2ud cd.. ]>p. 277. 273 (Wiinbarg, Uih); ud Dr I 
Alemndriiii, Rnro cud di i>ara»siti«nio noU' uomo I^Sareuj-liat/u (#«i»), f 
ill. Soo. Rom. StuJ. Zool., it. (1S96) jip. 278-89. 
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XII, Some Newly-Batched Specivicns and a laic Embryo of 
Opiathopbthalmus. By Malcolm Laurik, D.Sc,, U.A.. 
F.R,S.E., F.LS., Professor of Zoology in St Mungo's 
College, Glasgow. [Hate IV.] 

[Read 19th Fubruary ISSO.) 

Wliile examining some of the Arachnida in the BntiGb 
Museum, my attention was drawn by Mr Pocock to two seta 
of newly-liatched Scorpions, which showed certain pecu- 
liarities of structure. Both lots belonged to the South 
African genus Opisthophthalvius, one being the young of 
0. capenais (Herbst) and the other the young of an undeter- 
mined species. Through the kindness of Dr Giinther and 
Mr Pocock, I was able to examine some of the specimens 
minutely, and to cut a series of sections through one. 

The peculiarity which strikes one at first sight is the 
presence of two long processes growing from the prosomatic 
region, The more prominent of these arises in front of the 
mouth and projects forward like a proboscis (Figs. \-'A, a). It 
has a length greater than that of the carapace, and is found 
in section to be a tube filled with trabecular tissue, and 
probably also containing blood-vessels. Though arising 
immediately in front of the mouth, it has no connection 
either with the cesophagus or with the powerful sucking 
muscles. The cavity appears to communicate with the 
general body space, but is not easily traced among the 
complex structures of this region. 

The other process arises from the dorsal surface of the 
carapaca In 0. capensU (Fig. 3, b) its point of origin is close 
behind, indeed almost between, the median eyes. It is bent 
forward, and lies along the carapace, projecting slightly beyond 
the front margin. lu the other species (Fig. 2) the process 
arises about "2 mm. behind the eyes, and lies directed back- 
wards in a groove in the carapace. It fits so closely into 
this groove that it might easily be overlooked. It is shorter 
(measuring about 1 mm.) in this species than in 0. capensu, 
aud does not reach the hind margin of the carapace. This 
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tructure, like the preoral process, ia hollow, and is filled I 
with trabecular tissue and blood-vessels, I 

A further point which we may note in these newly- 
piatched specimens is the presence on certain of the tail 
Begmenta (8th to 11th free segments) of paired bladder, like 
cutgrowths from the dorsal suifaoe. Similar structures 
liBve been described by Thorell as being present on 
some young specimens of the closely allied genua 
Edcronuirus. 

Among some adult specimens of OpisthophthalmuB 
tapeiisis, for which I am indebted to Mr Peringuey of 
the Cape Town Museum, I was fortunate enough to find a 
female containing embryos in a late stage of development. 
One of these is figured in Figs. 5-7, and we see that at 
this stage there is a very prominent horn-like structure 
arising from the back of tlie carapace. Careful examination 
shows this horn to be composed of two parts, lying one 
behind the other. The anterior, which forms the greater 
piirt of the horn, arises (Fig. 7) in front of the mouth, and 
bends back over the front of the head to join the posterior 
part. This posterior part arises from the dorsal surface of 
the cephalotborax, and extends for about half of the length 
of the anterior pai-t, lying close to it. but apparently separate 
throughout. The liorn formed by these two procesaea 
penetrates through the thick walls of the follicle round 
the cephalo thoracic region, and projects freely among the 
tissues of the mother. 

The 2nd to 7th free segments of these embryos are swollen 
out dorsally into large paired oval outgrowths, while the , 
8th to 1 1th segments bear smaller but similar structures. The 
last segment is free from any trace of outgrowths, and has 
the normal cylindrical form. While the follicle surrounding 
the cephalo thoracic (prosomatic) region of the embryo ia 
very thick and strong, that surrounding the free segments 
is very thin. ^^H 

The most probable function of the horn-like prosomatic ^^| 
and bladder-like meso- and metasomatic outgrowths is that ^^| 
of absorbing nutriment for the embryo from the surround- ^^^ 
ing tissues of the mother. ^^| 
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The eggs of most scorpions coDtain, like those of other i 
Arachnids, a large amouut of yolk, oa which the embryoi 
nourishes itself during development This is the cas^ 
roughly speaking, in the families of the Buthidie, BothriuridsE, 
and Ischnurida?,^ and in all these the epg early leaves the 
follicle in which it is formed and fertilised and passes inta 
the ovarian tuhe of the mother, where it undergoes the 
greater part ot its development.* In the family Scoi-pionidae,' 
however, the egg is very enmll and contains no food-yolk. 
It is formed at the end of a long diverticulum of the ovarian 
tube, and develops in situ, the embryo gradually extending 
downwards till it occupies the whole of the diverticulum.' 
It does not leave this position until it is fully developed. 
The nutrition of the embryo in these forms is provided for 
in the earliest stages by secretion from the cells lining th« 
diverticulum. Later the embryo feeds on a solid coi-d of 
cells which terminates the diverticulum, which it crushes 
betwixt the chelicerte. In connection with this mode of 
nutrition, the chelicene are developed long before the other 
appendages, and provided with a chitinous plate on the 
inner surface of the last joint In the ordinary scorpions 
(Euscorpius, Cenirwnis, etc.), on the other hand, the develop-- 
went of the chelicera; is delayed, and while the rest of the 
appendages appear in order from before backwards, the 
chelicerre do not appear till after the other five prosomatio' 
appendages. In Opislhopkihalmm the modification of tha 
chehcera; for this function has produced a moat abnormal, 
structure (Fig. 8), the last joint being enlarged out of all 
proportion, and distorted in shape. T!ie chitinous plate on itfl. 
inner surface is somewhat smaller and simpler than Jn Sco7jno. 

The later embryos of Scorpio fuhiptt have dorsal out- 
growths similar to those of Opisthophlhafmiis, and there is 
little doubt they serve to absorb nourishment from the- 
surrounding tissues. The young of the Scorpionida; are not^ 



' For i list of the fonnB in which ths liilTfn^iit idihI 
KB AuunU and Mi>g. NM. Hiat.. Marcli ISOa. 

• Brftoer, Zuitsclir, wUMnack, Zoologie, vols. Ivi: 
Qasrl. Jour. Microa. 8oc., vol. xxxi. 

• Lanrio, DeTelopincnt ai Storpioftilviptt, Qusrl. Jon 
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on the whole, larger in proportion at birth than those of the 
other scorpions, but those of OpiMhophlhalmvB are markedly 
so. Newly-hatched specimens of 0. capengis measure 15 mm. 
in length, the length of the mother being 75 mm. They are, 
however, proportionately fewer in number. The cord of cells 
on which the embryo nourishes itself is, on the other baud, 
smeller in Opistliophtkalmus than in Scorpio, and it is 
probably iu relation to these two facts, of the large size of 
the young and the small size of the cord, that we liavo the 
additional nutritive arrangement of processes from the 
prosomatic region. 

Thorcll su^ests that the outgrowths from the tail segments 
iu the young of Heierometrus are respiratory in function. 
It is quite possible that this is so, and that the prosomatic 
outgrowths of Opisthophthahniis have the same function after 
birth, as the stigmata of the lung-books do not appear to be 
open in these young specimens. 

In such a widespread and ancient group as the Scorpions, 
one is entitled to expect peculiar modifications in many 
respects. In the external structure the variations are 
remarkably small, while the types of development are very 
different. A third type of development seems to exist in 
Vejovis, the eggs of which are comparatively small, and 
apparently devoid of yolk. They develop, however, in the 
ovarian tube like those of Euscurpins, Androdonus, etc. 
Uoubtlesa many further interesting points exist in various 
species, could one only get the material ; hut the majority of 
the specimens collected go to our hig museums, and, once 
TE^stered in their catalogues, there is but little chance of 
examining their internal structure. 

A farther point of interest in connection with the newly- 
hatched specimeus of Opisthtyphtkalmti^ is the jioaition of the 
central eyes. In all the Scorpionidte these have a somewhat 
posterior position compared with the members of the other 
families. In HekromeU-ui they are farther back than in 
Scorpio, and in Opisthophlkalmus, as its name implies, they 
are very far hack, farther back even than in Hderomdrus. It 
is interesting, then, to find that in the young individuals the 
ejea approximate to the norma! position. Instead of being 
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situated well behind the middle of the carapace, they i 
in the young of 0. capeiisis, exactly in the middle, and iir 
young of the other species '25 mm. nearer to t 
than the poBterior margin. 

Dkschiptios of Flatb. 

Fig. I. Nawly-bom Ophlhophskalmut *p., fioiii ventrst laiUoe. Thij 
joints of the anterior lioibs hsve been polled ajiwl to (bMJ 
niouttl, tn\ y. \. 1 

Ftg. 2. Dorwl view of sune spKineo; k {. J 

Pig. S. DorM^. \i&w nT OpistkoiiklfuiliMa eaptnfii ; x {. J 

Fig. 4. Tail segments of 0. eaptvsU. 

Yig, 5. Embryo of 0. atpemia, dore«l Burfiice ; " J. ' 

V\H. 0. £iubrjo of 0. tapetuit, lido view, to, Bolid conl of ccUa termini 
Lbe folliule. 

Fig. 7. Embryo of O. captmit, aiir view of ccpWothom, the follida t 
ru moved. 

Fig. 8. Riglit clieliMr* from wmo embryo, viewed from iuridfl. x, ebflf 
pUle. ] 
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XIII. Report on a ColUdion of Marine Drtdgings and d 
Natural History Materials made on the West Coa^ 
Scotland hy the late George Brook, F.L.S By THOJ 
Scott, F.LS., Mem. Soc. Zool. de France, Natuni 
to the Fishery Board for Scotland. [Plate V.] 

(Read ISth Jinlury ISOfl.) 

On the 4lh of October last year (1894) my friend. Ml 
[!. Binnie, formerly assistant to tbo Ute Mr George Bw 
wrote to me concerning a collection of marine dredgl 
and other material that had been made by Mr Broalj 
various places on the West Coast of Scotland. Mr Bin 
■with consent of Dr AVoodhead, one of Mr Brook's execut 
suggested that I might undertake the examination of 
material, and, if found sufEiciently interesting, prepail 
report on the results of the examination of it. In the lal 
referred to, Mr Binnie says, " Amongst the material I 
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■ belonged to the late Mr George Brook there is a set of 

W iltedgiugs from the West Coaat of Scotland, collected by him 

" wliile cruising in hia father's steam jacht ' Dotterel.' In 

liie collection there are a good maay Crustacea, some other 

Ja Vertebrates, and a few fishes. We are most anxious 

'*^at the material should be worked up and not wasted, so 

that Mr Brook may get some credit, evea though it be 

Posthumous." 

The collection soon afterwards was handed over to me, 
^tad, as Mr Binnie anticipated, the examination of it has 
t*Toved to be interestiug. A record of the results of the 
^samination ia embodied in the following report, which I 
K^ow desire to submit to the Eoyal Physical Society of 
^Bdinburgh. 

Ilefore proceeding to give e record of the various organisms 
tained in the collection, the following brief description of 
the collection itself may be of interest. The material was 
collected by means of the beam-trawl, the dredge, and the 
tow-net; tow-net gatherings, however, formed bnt a small 
part of the collection. The material forming the collection 
was contained in upwards of two hundred bottles and tubes 
of various kinds, but they were chieHy of small size. It 
was collected for the most part during the months of July, 
August, and September 1887, but it also included one or 
two small gatherings made in 1886 and in 1883. Moreover, 
it was collected at various localities,— as, for example, in 
Loch Fyne ; in the vicinity of the Island of Mull, and in 
Loch Linnhe; off Ardnamurchan ; in the Gairloch; in the 
vicinity of the Island of Skye ; and at one or two places in 
the Outer Hebrides. The material was also collected at 
various depths, from close inshore down to 100 fathoms. 
The contents of a few of the bottles were somewhat 
decomposed, owing to the partial evaporation of the spirit, 
^^^ ill one OT two instaoces the labels were scarcely legible. 
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but otherwise the collection was in fairly good preservation.' 
Greater attention appears to have been given to the collectioit' 
and preservation of the larger invertebrates rather than tO' 
the more minute kinds; nevertheless, by carefully over-< 
hauling the larger forma, — washing off and collecting the. 
mud and sand adhering to them — and by a careful exaniiu&J 
tion of the finer matter in the bottom of some of the bottlesj 
a considerable number of micro-Invertebrata have aU^ 
been obtained, as will be seen by referring to the Table o| 
Distribution. 1 

The Voiicbrata, which are represented by the fishes, aiflj 
few in number. The Invertebrata consist chiefly of Molluscs^ 
Crustacea, Echinodermata, and Foraminifera ; a few othei 
groups, as the Tunicnta, Annelida, and Polyzoa, are alad 
represented, but only by a small number of species. Abonfl 
344 species in all have been more or less satisfactorily; 
determined, but as a considerable number of them ara 
moderately common and generally distributed, I hava 
not considered it necessary to refer to these commoa 
forms in the body of the report, but have included 
them in tlie Classified List and Table of iJistributioa 
at the end, bo that only the rarer species will bo specially 
noticed. 



Detailed Dksckiition ok tiik Collectiom. ^^^I 

In proceeding to describe more particularly the vsnomi 
groups of otgauisms represented in the collection, as well as 
the rarer and more interesting species, it will he better to do 
so according to some recognised method. I propose, there- 
fore, in the general arrangement of the various groups, to 
adopt the classification used by Protcasor Nicholson in 
his " Manual of Zoology," but beginning with the higher 
forms first. Then as to the classification of each of the 
groups, and especially of those that are more numer- 
ously represented in the collection, I have endeavoured, 
as far as possible, to follow the arrangement and oomen- 
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clature of recent and autboiltative works on each particular 
group. 

The fishes are arranged here in the order in which they 
occnr in the late Mr Day's work on British Fishes. The 
ilollusca are all arranged and named acconUng to part iv. of 
Dr Norman's Catalogues ("Museum Normanianum"). In 
the arrangement of the Crustacea, I have followed part UL of 
Dr Norman'a Catalogues for the " higher " Crustacea, and 
IVofessor Henderson's " Decapod and Schizopod Crustacea 
of the Clyde " has also heen consulted ; the Amphipoda are 
arranged and named in accordance with vol. i. of Professor 
G. O. Sara' " Crustacea of Norway," recently published ; 
Dr Brady's "Monograph of the British Copepoda" has 
been followed in the arrangement of that group ; while 
in the arrangement of the Oafcracoda the Monograph by 
Dra Brady and Norman has been consulted. Professor 
Jeffrey Bell's recently published "Catalogue of the British 
Echinoderaiata " is followed as to the Starfishes and Echini ; 
while with regard to the Foraminifera the arrangement 
and nomenclature are those of part viii. of Dr Norman's 
Catalogues. 

A considerable amount of time and care have been bestowed 
on the examination of the material, and the identification of 
the various organisms contained in it, and 1 desire iu 
connection therewith to acknowledge my indebtedness 
to Mr William Eagle Clarke, F,L.S., of the Museum of 
Science and Art, Edinbui^h, for identifying the tishes in 
the collection; to Dr G. W. Chaster, of Southport, 
Lancashire, for revising the list of Foraminifera, and 
identifying the more obscure and diflicult species; and 
to Rev. T. R, E. Stebbing and Professor W. A. Herdman. 
F.RS,, for aasistance with other groups; while my son has 
prepared drawiugs of what appears to be an undescribed 
Am phi pod. 

The following is a tabular view of the chief groups repre- 
sented in the collection, their principal subdivisions, and 
^the number of species belonging to each ; — 
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Names of the chief 

Groups represented 

in the OollectiOQ. 



Fisbes, 



MolluacA, 



Brachiopoda, 
Ttinicata, . 
Polysoa, . 
Arachnidft, 



Crustacea, 



Annelida, 
Ge]»hyrea, 
Rotifera, 



EchiDodermata, 

Actinozoa, • -I 

Hydrozoa, . 
S^yongozoa, 



Foramiuifera, 



1 



lufosoriai 



Names of the principal Sabdivisions. 



Cephalopoda, .... 
Pteropoda, .... 

I Opiatbobnnchiata, 
Gasteropodai < ProsobraDchiata, 

( Polyplacophora, 
Scapbopoda, .... 

PelecvDoda / TetrabrancbUta, 
rciecypoaa, "[ Dibj^chUta, 



^rachyura, 
Anonioora, 
Macrura, . 
Carida, 
Schizopoda, 
Isopoda, . 
Ampbipoda, 
Phyilopoda, 
Cladocera, . 
Oatracoda, 
Copcpoda, . 
Cirri pedia, 



CriDoidc», . 

Opbinroideai 

Asteroidea, 

Echinoidea, 

Holotburoidea, 

Alcyonaria, 

Zoautbaria, 



MiliolidR?, . 
Litnolidai, . 
Tcxtulareidae, 
LagenidiB, . 
Uotuliidae-, . 
Nummulinidae, 



Number of 

Speeiea 

beknugingto 

each <rf the 

mindnd 

SabdividoiMi. 



2 

1 

38 H9 



88 
8 



1 

46 



9 
9 
1 

10 
5 
3 

38 
1 
2 

26 

40 
4 



1 
3 
5 
2 
2 
2 
1 



9 
5 
7 
12 
8 
5 



Number of 

Spedss 
bcikxiginfr tc:» 
each of the 

Oroapa. 



12 



99 



2 

4 
1 
2 



148 



7 
1 
1 



13 



4 

1 



46 



FISHES. 

The fishes that fall to be noticed in this report are mostly 
of small size, and with few exceptions are all of more or less 
frequent occurrence around our shores. They are — Trachinus 
vipera, GoHus RiUhensparri and Gobius mintUiLS, CcUlionymus 
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tjira, LepadoQasler Decandolii and Lepadogasttr himaculatus, 
I Motdla cimbria, Hippogloasoides limandoides, Rhombus {Zru- 
^^^ferud) Tiorvigicm, Plcurontdes cyno'jlossus, Zeitgopttrus 
^Kmelatus, and Neropluis a:qHorevs. 

^^ Of these, perhaps the rarest and most interesting species 
is Ekomhus (Zevgoptertts) nortegicus, Giinther. Tliis is one 
0/ the more recent additions to the British fish-fauna. There 
Were two specimens of this species in the collection, and both 
Were of small size. One of the specimens was from Loch Braca- 
dale, Skye, and measured TST inch {47'5 mm,); the other 
was obtained in the Gairloch, West lioss-shire, and measured 
2-3 inches {58-0 mm.). Rkomhua norvegicus is described and 
figured by T>t Giinther in vol, xv. of the Procrcdings o/tlie Royal 
Society of Ediviurgh. There is also an interesting note on the 
same species, accompanied by a very good figure of an East 
Coast specimen, by Professor M'Intosh, St Andrews, in part iii. 
^^ the Twelfth Annual Report of the Fishery Board for Scollaiid. 

H MOLLUSCA. 

Of the 9(1 species of Molluaca obtained in the collection, 
otily a stnall number are of special interest ; the others are 
all more or less common and generally distributed. A large 
proportion of the species are also represented by only one, 
or at most by a few specimens each ; while, on the other 
hand, and in contrast to these, there are a few species that 
are represented by a considerable number of specimens. For 
example, Trochus zizgphinus (or Zizyphinus iizyphiniis, as it 
is named in the Table of Distribution) was represented by at 
least five dozen specimens, most of them, however, young. 
Lima elliptica is another species that was numerously repre- 
seated ; so also were Peden pes-lutra- (Peden septemradiatus), 
^fueida nudcua, Leiia minvta, CorbiUa gibba, and Astarte 
!a/u, but these were exceptional cases. 
■Among the Molluscs contained in the collection that 
jar to be of more or leas interest, mention may be made 
E the following: — ^Among univalves, Pkidne scalra, a small 
: pretty sliell, that has the outside covered with micro- 
kpic sculpture resembling a succession of cbain-links; 
^1-ea: trinacevs. a somewhat rare Scottish shell, and seldom 
.living; Trophon ban-leeruds, a rai'e and pretty 
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uuivalve. Modiolaria nigra (ihe corded nmssel) i 
comparatively rare shell, adult specimena especially beia 
uDcommon. This species ia represented in the coUectia 
by three or four young shells. Cuspidaria (Neaira) is i 
iDterestiiig aud peculiar genus of shells mnch sought &(^ 
by collectors, and is represented in the collection by ot 
species, Ciispidaria cu^idaia. Paiidora intxquivalvis.Lyoim 
norvfgica, and Poromya gi-anulata are also represented in ti 
collection, and may be described as rare shells ; for thoog 
the distribution of Pamlara extends from the Chana 
Islands to Shetland, it ia not so common as its distributit 
is wide; the same may be said of LyoTt&ia and i't/ntrng 
Lyaiisia appears, however, to be more generally distribnbj 
aud of more fi-equent occurrence than either of the other t% 

BRACHIOPODA. 

Of Brachiopoda only two species oocnr in the coUectid 
■namely, Ttrehralulina caput-scTpe?Uis and Crania arwmala, 

CRUSTACEA. 

The Crustacea are largely represented in the collection, ] 
fewer than 148 different kinds having been identified.inclu^ 
species belonging to nearly all the important subdivisioj 
Though the so-called higher Cnistacea are fairly numeroj 
one only calls for special remark, namely, .rnn^ m'liZa 
Ilisso. This species is represented in the collection by X^ 
small specimens obtained from the deep water (80-100 fath(m 
off Loch Buy, MulL The claws have the distal portion of bq 
fingers very dark coloured, and, moreover, the movable Siu 
ia also distinctly grooved, and ia one of the characters d 
distinguish this species from ^antho Jiwiita. It may be 
interest to state that during last summer I obtained a specim 
of Xantlu) rivulosa in the Moray Firth, from which it does i 
appear to have been previously recorded. ' 

Among the Anomura in the collection there are, at lesst,fi 
species of hermit crabs, and of these Spiropagiims Hyndman 
and Spiropaguiiis la^s may be specially mentioned. The o 
has comparatively broad hands, in the other the hands % 
more elongate and polished, and in the living animal thertf 
usually a red but not very well-definad band, extending i 
whole Icugtli of this hand, and sometimes branching off* 
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the fingers. Munida rondeleiii, another species of the Anomum 
in the collection, is of interest because of its remarkably long 
cbdipeda. A coasiderftble number of specimens of Munida _ 
occorred in a gathering from Loch Spelve. 

Five species of Schizopods were obtained in the collectin 
ia.,—M'i/sidopsis didelpkys, Mysis Jlcxuosus, Mysis inermiam 
JfyKi lamorncE, and Neomysis vulgaris. The latter occui 
in great abundance in a gathering from Loch Dow. Myti 
lamoTTie, when alive, is of a bright red colour, and ita eyei 
are large and black. 

Ttie next group deserving of special notice 
■^mphipoda. I find it difficult to select species for reference 
^ere, for almost all of them are of interest. Hyperia gaiha, 
*ith its large beautiful eyes, is not nearly so plentiful on the 
•Vest Coast as it is on the East Coast of Scotland. I was 
'erefore the more surprised to find a considerable number 
specimens in Mr Brook's collection. Lijsianassa costm, 
'*^hoxocephaltis HolhulH, Ampelisca assimilis, Haploops liihi- 
*^^*ia, and Leucotkoe Lilljeborgii are all of special interest. 
-^Usinia longipes, a somewhat rare species with curioua 
^athopods, occurred in considerable numbers in a gatherinttJ 
from Loch Linnhe near Fort William. Dcxamine spinowM 
^ppeara to have a distribution the reverse of that of Hyperitt \ 
9alba ; this Dexaviine, though not uncommon on the Wesfc 1 
C<jaat, is, so far as my experience of it goes, much rarer on I 
the East Coast — I do not have a single East Coast specimen, i 
in my collection. Cheirocrates SundeivalH, Gamntar&psia I 
erythrophtlialmiis (with its red eyes), Pleonexes gammarmdea, I 
and Podocems fferdmanni, are also all more or less interesting. I 
A species which has the posterior gnathopods armed wi^ 1 
enormous claws was represented only by a fragment, con- I 
sitting of the anterior half, extending from the 1 
the second guathopod. I have not been able to identify 
ibis with any liritish species, and therefore submit the 
following description :— , 

(?) Mara Brooki, sp. n. [PI. V., Figs. 1-6.] | 

Description of the Species. — Cephalon nearly as in Mara 
Qthonis (M.-Edw.), lateral corners produced and narrowly 
rounded. Eyes small. Superior antennas elongated and 
VOU XIII, 
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Blender, and cloaely resembling those of Marra othonis, bat 
the flagellum is proportionally somewhat longer; accessory 
appendage about twice the length of the last joint of the 
peduncle, and six-jointed, terminal joint very amalL Inferior 
antennae somewhat similar to those of Mmra othonis, as are 
also the mandible palp, and other oral parts (Figs, 1-4). 
Anterior gnathopoda rather slender, densely setose; propodoa 
nearly equal in length to the carpus, oblong oval in form ; 
palm imperfectly defined (Fig. 5). Posterior gnathopoda 
strong and powerful ; propodos subcylindrical, length equal 
to fully twice the breadth, lower margin slightly convex, and 
with a distinct and broadly rounded but shallow prominence 
anteriorly; dactylos very powerful, longer than the propodos, 
and reaching to about the middle of the carpus, not mncb 
curved except towards each end, the inner edge near the 
base but slightly posterior to the prominence on the lower 
margin of the propodos, is produced into a shallow triangular 
process (Fig. 6), 

Pemar/cs.—Onlj the anterior moiety of this Amphipod 
'^ was obtained ; it is only provisionally ascribed to the genus 
Mara. It is apparently a male specimen, and all the parts 
of it that could be utilised resemble mote or less closely the 
parts similar to them in Mara othonis, with the exception of 
the second gnathopods, which are unlike those of any other 
known to me; and as the species is apparently undescribed, it 
gives me much pleasure to add to it the name of Mr Brook. 

The abnormal Amphipoda are only represented by three 
species, viz., Phtimca marina, Protdla p/i-asma, and CaprrJla 
acanthi/era. 

Of the Phyllopoda there is hut one species — Nebalia bipfx; 
and of the Cladocera, two species— Podon and Evailne. 

The Oatracoda. — ^Twenty-five species belonging to this group 
were obtained in the collection, but they are species that are 
all more or less commonly distributed around our shorea 

The Copepoda. — There are forty species of this group, a 

considerable number of which are of special interest. Isia3 

I eiaifipes, for example, has very few Scotch records. LaHdoeera 

^ Wollattoni has not previously been recorded from the Scottish 

Ik 
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waa. Eciinosoma atlaiUicum, a slender species, wilh model 
Ktelj loDg tail setie, and of which there waa no Scotch record 
till vithiQ recent years, was comparatively common in i 
g!tlhering from Upper Loch Fyne. Ameira longicaudata a 
l&ophente dtpressa are two species added to the British lisl 
nihin recent years, and not before reported from the West ' 
Const. Porcellidium. viride, a representative of a curiously 
depressed group of Copepods, occurred in a gathering from 
^h Bracadale, Skye, Cr/clopiccra nigripes, a handsome 
^cies, with the swimming -feet all more or less dark 

colonred, was obtained in a gathering from Loch Spelve, and 

'a another collected off Duart, Island of Mull. BomohckvM \ 

^tta, a parasite Copepod on the black sole {Solea vulgaris), i 

0^)m Loehnell Bay (Loch Linnhe), and ia now first recorde^l 

the West of Scotland. Another new West Coast record* 

s the curious Monslrilla rigida (T, C. Thompson) ; it wasjl 

obtained in a gathering from Mauchrie Bay, Arran. AaJ 

interesting paper on the genus Monstrilla, by Gilbert Bounie^fl 

"was published a few years ago. 

The Cirripedia are represented by only four species— I 

&atpellum vtilgare, Balaniis creiiatua, Balanus Hameri, and 1 

Tellof/aster poffuri. 

ECHINODERMATA. 
One or two interesting species belonging to this group hav*J 
been obtained in the collection. The Kosy feather stafff 
Antedon bifida (Pennant) — (Coma (li/a rosacea, Forbes aiui.l 
others), was obtained both in the adult form and in theyoungfl 
stalked (criuoid) stage; it occurred in gatherings from the* 
deep water of Loch Buy, Mull; the Gairloch, West lioaa- 
shire; and Loch Boisdale, Outer Hebrides. The Bird's-foot 
8tar6ah, Palmipes memhranaceus, is from two localities- 
viz,, off Loch Buy and the Gairloch. The small and com-j 
|iaratively rare Echiiuts norvegicus was also obtained in thm 
deep water of Loch Buy, Mull. 

FORAMINIFERA. 
The Foraininifera that have been identified in the collet 
V^on number forty-six species, a few of which appear to bfrl 
luoderately rare. 
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XIV. lieaulta of Meieoroloifical Ohservatiom taken in E>h 
hurgk durin-f the Year 1895. By B. C. Moss 
F.R.S.E., F.R.Met.Soc. 

(ReadlSthtUrehlBSe.) 
Daring the past year the ordinary bi-daily observations 
have been takeu at the usual hours, aud with the instru- 
ments described in former reports. Since 1st May readings 
of earth temperature have been made daily at 9 A.M. Three 
thermometers are in use, the bulbs being buried in ordinary 
garden mould under grass, at depths of 3, 12, and 22 inches. 
The day-to-day changes at 9 a.m. have been calculated, as 
well as similar values for the air temperature at that hour. 
Tlie mean variability of temperature from the avera;;e of the 
maximum and minimum thermometers haa also been com- 
puted (see PronrJinys, vol. xii., p. 336). The averages with 
which the monthly values have been compared are for periods 
ranging from 25 to 132 years. Means will subsequently 
be available for most of the elements for over 100 years, 
but the reduction of the accumulated mass of climatological 
data has proved much more tedious than was at first 
anticipated, and some time will elapse before the means tot 
the long period will ba available. 

Remarks on the Meteorology of 1895, 

Januari/. — The great frost which rendered the year 1895 
such a memorable one, viewed from a meteorological stand- 
point, commenced this month, the mean temperature of 
which was 3I°'8. During the month the thermometer never 
rose above 41°'0, this being the lowest maximum recorded 
during any month in the past 55 years. In February 1855 
the same low absolute maximum temperature was registered. 
Sunshine was deficient, with the result that the days 
were relatively colder than the nights, the cloudiness of 
which checked terrestrial radiation. Up to the 17th, only 
10 hours bright sunshine was registered, but thereafter 
comparatively sunny conditions prevailed. There was a 
great excess of Polar winds. Snow fell frequently during 
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the last week, the heaviest fall occurring on the evening of 
the 24th, when at 8.40 p.m. a vivid tiaah of lightDing was 
observed. This was the coldest January since 1881, and 
one of the calmest, galea being virtually absent, 

February. — The severe frost continued during the first 
three weeks of February, the mean temperature of which 
was 28''-2. From the 6th to the 10th inclusive the ther- 
mometer never rose to the freezing point, the absolute 
minimum falling to ITQ on the 8th, this being the lowest 
xeading recorded in February since 1823. The average tem- 
perature of the month was 31°'2, being 7°-8 below the 50 years 
mean. The nights were relatively colder than the days by 
over a degree, the clear skies favouring nocturnal radiation. 
The lowest maximum observed was 24°5 on the 7th, on 
which day the moan was 20°3, being the lowest recorded 
during the frost. The precipitation, chielly in the form of 
■now, was small, and amounted to half an inch. An absolute 
dioaght prevailed during the sixteen days ending with the 
22nd. The barometer was high throughout, while sunshine 
was abandant after the 4th. Since 1764 only two colder 
Februarys have been experienced, the average temperature 
in 1838 being 29''-8, while in 1855, the mean was 30°-6. The 
average temperature of the two mouths, January and 
February, was 31°-5, being the lowest since 1838, when the 
mean was SC^. During the two months under review, the 
distribution of pressure was of an abnormal type, being as a 
rule highest in the north and east, and lowest in the south 
and west. With these conditions, the gradients were for 
easterly and northerly winds, which were much above the 
kven^e in point of frequency. 

March. — On the whole, mild unsettled weather prevailed 
during the greater part of this month, only one frost being 
recorded after the 6th. There was little sunshine, the 
tecorder showing a total of only 63 hours, as against 72 
hours in February. This was the dullest March for 7 years. 
Owing to the large amount of cloud, the temperature of 
the days was 1°*0 below the average, while the nights were 
1°'8 warmer than usual. It is worthy of note that the 
maximum temperature from 29th December 1894 to I3th 
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March 1895 was only 46°-3. Influenza, which had begun 
to develop lethal activity during the month of February, 
prevailed t^yLnonth with the virulence of a plague, the 
death-rate ^nooS^g np to more than double the average, 
with an enormoua mortality from diseases of the re- 
spiratory organs, especially among the aged. Many 
children fell victims to the prevailing epidemic of measles. 
By the end of the month the health of the city was about 
normal. 

April. — Little aunahioe was recorded during the first and 
last weeks, when the barometer was low, and nearly all the 
month's rainfall was recorded. The last frost of the season 
occurred on the 14th. A wnrm apell occurred from the 20th 
to the 25th, when the mean temperature was 6" above the 
average. Auroras were observed on the 1.3th and 14th. 
The rainfall amounted to little more than half the average, 
but with this exception the meteorological elements were 
about normal. 

May. — Eeinarkably fitie weather pi-evailed throughout, 
over 200 hours bright sunshine being recorded, this being 
the sunniest May since 1884. Insolation was very strong, 
the day temperatures being 4°-4 above the average, but the 
night temperatures only 2°0. The rainfall was deficient, 
an falling between the 17th and 25th, when several thunder- 
storms were experienced. The last 5 days were phenomen- 
ally warm, the shade maxima exceeding 70° every day. 
Vivid sheet lightning was observed on the evening of the 
30th, on which day the air was very dry, the humidity, 
even at 7 p.m., being 45 per cent. There was an excess 
of northerly winds. 

JuTie. — Although sunshine was in excess of the average, 
the precipitation was above the normal quantity, no less 
than half the rainfall being recorded on the 18th and 19th. 
Severe thunderstorms were experienced on the latter dat«, 
accompanied by torrents of rain. Thus between 11.7 and 
1L40 A.M.. 0-53 inch of rain fell, of which 0*40 inch fell in 
21 minutes. Another thunderstorm occurred at 1.30 rjrt., 
when 0'13 inch of rain and bail fell in 10 minutes. Thunder- 
storms were also recorded on the 29th aud 30th. A severu 
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squall took place at 5.37 p.m. on the 26th, when the tem- 
perature fell rapidly, after touchlDj^ 78°-3 at 3 p.m. 

July. — Cool and wet weather prevailed during neaxljr the 
whole of July, the distribution of pressure being essentially 
cyclonic. The month opened with showery, thundery con- 
dicious, but a dry spell commenced on the 4th, and lasted 
till the 10th, afrer which the temperature did not once 
toach 70°, the weather turning very cold and wet, with but 
little sunshine. The shiide maxima recorded on the ^5th 
and 26th were phenomenally low for the season, being only 
53°'0 and 52°3 respectively. Thick mist prevailed, accom- 
panied by heavy rain, 1'63 inch alone falling on the 2Cth, 
while in the 3 days ending with the 27th an average rain- 
fall of 1 inch per diem was precipitated. On the days 
under review, including the 28th, not a single gleam of 
sunsliine was recorded. The wind attained the strength of 
a gale on the 9 th, hut the air movement for the whole month 
was very small. 

L .4m^w(.— This month was characterised by a great rain- 
■|U, an excess of cloud, a pressure considerably below but 
nHth the temperature above the normal. Bain fell on 
24 days, while the sunshine recorder showed the miserable 
total of 101 hours, being the least by 20 hours recorded 
in August during the last 18 years. The mean temperature 
of the month was nearly 2° above the average, the excess 
being largely due to nocturnal warmth. Thunderstorms, 
with their accompanying torrential rains, were of common 
occurrence; although the most noticeable downpour of the 
mouth took place on the 22nd, without any electrical dis- 
turbance. On the day under review, the Itichard pluvio- 
iph recorded 0*86 inch of rain between 4.15 and 5.7 p.m., 

of the heaviest falls observed here in so short a time. 
SepUmicr. — Uuusally fine weather prevailed throughout. 
The only dull period was from the 14th to the 17th, two- 
thirds of the total rainfall being recorded on the last day. 
^_2he mean temperature of the month was o8°'6, the highest 
^Hkr September since 1846, when the mean was SQ^S, this 
^^poath being the only warmer September recorded since the 
^H|dinbui^b record commenced in 1764. The unusual warmth 
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was unequally partitioned between the day and night, the 
mean of the maxima being 5°4 above the average, while the 
average of the minima exceeded the normal by 3'''8, The 
weather during the last week waa phenomenally warm, the 
maximum noted on the 25lh. viz., 78°'3, being absolutely 
the highest recorded so late in the season daring at least 
the last 55 years. lu 1868 the thermometer rose on the 
6th of the month to SVJ. while in 1891 a reading of 79°-8 
was recorded on the 12th, these being the only warmer 
September days noted during over half a century. Westerly 
winds were greatly in excess of their normal frequency, 
while calms were also considerably above the average. 

Oclober. — Taken as a whole, this month waa cold and 
ungeiiial, the mean temperature being 3° below the average, 
and no less than 14°'4 below the mean of September. Tbe 
greatest fall in the mean temperature of the two months 
previously observed was 12°'2, in 1843. The first 3 weeks 
were comparatively mild and rainy, but the 10 days ending 
with the 30th were exceptionally cold, their mean tem- 
perature being 38°*3. Snow showers fell on the 24th, 25th, 
26th, and 28th, there being about 2 inches on the ground on 
the morning of the 28th. The greatest number of days 
with snow previously observed in October since 1764 was 
three, in 1782 and 1819, although individual SDowstorms 
have yielded a greater depth. 

November. — November was mild, wet, and stormy, with a 
total absence of anything approaching wintry weather; the 
thermometer in the Stevenson's screen never falling below 
33°-3. This was the highest minimum observed during any 
of the last 55 Novembers. There was a great deficiency 
of sunshine, barely half the average being recorded. An 
unusual feature waa the comparative prevalence of Polar 
winds, but unaccompanied by the depression of temperature 
with which they are usually associiited. A very fine aurora 
was observed on the evening of the 9th. 

Ikcemher. — Little sunshine was recorded, there being a 
total of only 18 hours, or 8 per cent, of the total possible, 
this being no less than 11 per cent, below the average. 
Temperature was below the normal, the days being two 
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degrees and the nights half a degree under the average, the 
dull conditions thus accoanting for the greater depression 
observed in the day temperatures. The month opened with 
strong winds, the mean air movement on the 4th being 
2'2*5 miles per hour, this being the stormiest day of a year 
singularly free from severe gales. Throughout the remainder 
of the month the wind never exceeded a strong breeze. Snow 
fell on the 6th,12th,21st,26th,and 28th. On the latter date 
it snowed very heavily from 1 to 4 p.m., hut was succeeded 
by rain, there being little left on the morning of the 29th. 
le year closed with a dense fog. 



rOTEWOKTHY PUENOMENA IN THE METEOEOLOGY OF 1895. 
'775 inchea, on January 30th, 



Highest barometric reading 3 

at 9 P.M. 
Lowest barometric reading 28-357 inches, on November 11th, 

at 3 A.M. 
Highest temperature in shade 7 8 "■3, on June 26th and 

September 25th. 
Lowest temperature in shade 11°9, on February 8th. 
Greatest range of temperature 29°'3, on June 7th. 
Least range of temperature 2°-2, on July 25th and 26th. 
Highest temperature in sun's rays (black bulb thermometer 

in vacuo) Vio'''i, on June 26th. 
Greatest excess of sun maximum over shade maximum 64°'6, 

on July 9th. 
Lowest temperature on grass T'd, on February 8th. 
Greatest difference between minimum on grass and in shade 

10°'6, on February 21st. 
Sunniest day May 8th, with 13 hours 33 minutea bright 

sunshine, being 86 per cent, of the total possible. 
Stormiest day December 4th, average velocity of wind 23 
^^ miles per hour, 
^Bnatest daily rainfall 163 inch, on July 26th. 
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XV. Hiver Temper ittun: Part III. Coviparison of the 
Tlurmal Ooiuliiions of Mivers and Ponds in the South 
of England. By H, B. Gupry, M.R., F.R.S.E. ^_ 
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In their thermal behaviour rivers and ponds present Bome 
points of striking contrast, and these differences no doubt 
find some expression in the composition of their respective 
floras and faunas, as well as in the habits and Hfe-history 
of the plants and animals concerned. Whilst not broaching 
upon a very novel subject, the writer here endeavours to 
give scientitic precision to diflerencea in the temperature of 
ponds and rivers, such as must have often come under the 
notice of the experiouced angler and the field naturalist. The 
observations covered about two years, and were made on the 
Thames at Kingston, and on the numerous ponds in that 
neighbourhood. In the first part of this paper some of the 
principal features of the thermal regime of the Thames were 
discussed, and the surface-temperatures of rivers and ponds 
were there contrasted. In alluding again to some of the 
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1~>rinci[)les tltere laid down, it will be assumed that thej 
^^eader has previously become acq^uainted witii the data there 1 

of ordinary swiftness, unchecked in its course by I 
iks and weirs, displays about the same temperature through- 
itt maas, or at most the variation would be only one 
degrees in its different parts even on a hot summer 
■*^'0n the other hand, a pond, four feet deep and well 
stocked with subvierged aquatic plants, varies considerably in 
temperature. On a warm summer afternoon the difference 
between the marginal and bottom temperatures would be 
from 15° to 20°, whilst the surface temperature would be 
9" or 10° higher than that at the bottom. In spring and 
autamn the variations in temperature between different 
parts of a pond are usually leas, and in winter they almost 
disappear. When a pond is clear of such weeds the contrast 
in its temperatures is much less than when it is full of 
plants, on account of the circulation of the water being un- 
impeded. A similar effect is produced by the floating leaves 
of such plants as the water-lilies, the Limnanth, Pobjijonu-m. 
aniphibium, and Potawoijcton na/ans, which, in summer, 
preserve the coolness of the water and maintain much the 
same temperature all over the pond. However, I am dealing 
I here only with ponds full of submerged plants, such as 
I R%n.utu:ulM aqttatilis (circinattis), Myriophyltum spicatum, 
Ceratophyliinn dumersitm, Zannichellia palustris, Potamoyeion 
crvtpus, P. obtusi/olius, Sdrptis fluitans, etc, a circum- 
stance that must not be forgotten whilst perusing this 
paper. 

Rivers also differ greatly from ponds in their small daily 
range. This contrast is, of course, greatest in sunny weather. 
Whilst the Thames even in summer does not usually vary 
more than 2" in its temperature during the twenty-four 
hours, a pond will vary 6° or 7° at its surface, 1° or 2" at 
lite bottom, and some 20° at its margins. In spring and 

' Since writing the first putt of tbii pnpor, a perosal of Dr Yu 
Memmr oa th« Eivera nf Europu has oouvinced mo thut the Tin 
uarpnal heating to its looks anil weirs. Left to nalurc. the 
<li>I>)af bat little healing at its marj^iiu. 
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F change or 1° for each inch in depth, a common feature 

J «r the thermal r^ime of a ditch in a summer day. The 

oi»m-atioDs on the Home Park Pood are of particular 

interest with regard to CeratophyUim tUnitrsttBi. During 

tiiii iiol summer of 1S93, 1 frequently took the temperature 

in the shallows where this plant was thriving, and here, 

where the afternoon temperature was frequently over 80° 

Had sometimes as high as 90°, it Bowered and produced 

ibuudant mature fruiL locidental reference to the titermal 

conditiona required by this plant for reproducing itself from 

Seed will be found in the first part (vol xii., p. 296) of this 

piper, bat a fall discussion of the matter will be found in 

Sd^iKt Gosnp for November 1894. 

In sunny weather the thermal regime of a pond is to a large 
extent regulated by the plants that live in it. Suhmei^ed 
plants like Mi/nophj/Uum. CeratophyllKm, and Zanniehdlia 
favour the henting process by impeding the free circulation 
of the water ; and, as before remarked, plants with lai^e 
Uoating leaves, like the water-lilies and the Limnanth, keep 
the temperature cool. A multitude of other influences, 
liowBver, are always at work. Upon the position of a spring 
and on the situation of an afHueiit great dill'erences ofteu 
depend. Whilst the temperature at one end of a pond may 
be under the iuUaence of the agencies regulating that of the 
air, at the other end it may be far more equable on account 
of the control of a perennial spring. A fresh breeze on a 
sunny day causes the lee side to be some degrees warmer 
than the opposite border. A pood with a shallow outlet 
loses its heated surface-waters, whilst one with a deep outlet 
loses its cool bottom-waters. Ponds without allluents or 
effluents heat up rapidly. In fiict, as I have elsewhere 
observed, " no two ponds possess precisely the sunie thermal 
regime, the determining conditions being almost infinite in 
their variety" {Science Gossip, Octol>er 1894), 

On referring to Table I. we notice that, however much a 
pond may differ from a river in its thermal behaviour, its 
bottom-waters exhibit much the same conditions all through 
the year. The resemblance is not only concerned with the 
email daily range of one or two degrees, bat also with the 
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Hctiittl readinfja or llie tliermonietev. Observations on otbpi 
ponds point to ihe same conchiaion. Tiiia is only Ime, 
however, of ponds of oidinary depth, namely, 4 or 5 feet. 
As indicated in Tabla I,, a pond 7 or 8 feet deep, as in the 
c ise of the Queen's Mere, Wimbledon, has a bottom-tempera- 
ture that is in summer four or live degrees cooler than tha 
Thames, the diurnal range being almost nil. 

Although, as before remarked, it ia not possible to compare 
the mean temperature of a pond in its entirety with that of 
a river, yet, by contrasting their several features, wa can bring 
certain facts into prominence that deserve the attention of 
the student of the conditions of aquatic life. The observa,tion8 
on which the estimates for ponds, as given in Table II., are 
based, were for the most part systematically made. But a 
lBi;ge number of occasional observations have also heen here 
employed, and, in fact, during two years I rarely went out 
without takiug a thermometer with me.' It will be noticed 
in this Table that, contrasted in the monthly means, the 
thermal conditions of ponds and rivers appear in their true 
proportions. Isolated observations, such as occur in Table L, 
are rather apt to exaggerate the dirt'eronces. The divergence, 
however, between a pond and a river ia sufficiently striking 
in tlieae respects; and in the varying temperature of tlie 
one, and in the uniform temperature of the other, we have 
conditions that would very dilFerently affect aquatic life. 

It ia probable that the diverse theruial conditions of ponds 
and rivers tind their fullest expression in the varying habits 
of a water-mollusc. It should, however, be remembered that 
the contrast is greatest in summer and least in winter, when, 
in fact, there is but little difference in this respect between 
a pond and a river, as is evidenced in Tables I. and II. 
Except in very sluggish rivers, a mollusc enjoys much the 
same temperature in any part of a river, whether at the 
surface, on the bottom, or at the borders. All the year 
round tlie temperature does not usually vary more than one 
or two degrees in the twenty-four hours, and the change 

' I may liera tnlto tlin opportunity of vipressiug niy sorrow at the Je«th 
dF Hr John OunD. who, as Secretary of the Soi^iutj, gave me valuable 
'u tb« earlj part of this inqiiirf . 
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from cJay to day is of the same amount. On the other hand, 
in a pond during ordinary summer weather a moUusc haa 
the choice of a great variety of temperatures. It may prefer 
the cool bottom- waters, with a temperature, for instance, of 
(i5°; or it may creep beneath the surface film, where the 
temperature is 10" higher, viz., 75^; or it may Eustivate in 
water 2 or 3 inches deep at the margins, where the 
temperature is between 80° and So'. Nor is this all. At 
the bottom, as above remarked, it experiences not only a 
temperature near that of a river, but a temperature with a 
similar limited daily range of a degree or two ; and. as far as 
the thermal conditions are concerned, we might expect that 
the moUuscan fauna of a free-flowing river would find its 
counterpart in the molluacan life of the bottom of a pond. 
If the creature ascended to the surface, it would experience 
a daily range of temperature of G° or 7"; whilst in the 
marginal shallows it would be exposed to a fluctuation of , 
temperature of as much as 15° or 20" in the day and night, m 
It ia. therefore, legitimate to suppose that these variations in 
a pond's temperature in summer, which exist, though usually 
to a less marked extent in spring and autumn, are reflected 
in the divergent habits of river and pond molluscs. Marked 
diH'erencea should be found between them as regards their 
lestivation, the deposition of their spawn, the hatching of 
the ^gs, the behaviour of their fry, and in the age and size 
adults attain. 

The differences in the thermal behaviour of ponds and 
rivers will affect plant-life in a multitude of ways. In Part 
1., pp. 295, 296, I have endeavoured to show how the absence 
of surface-heating in a river, and its presence in a pond, may 
be reflected in the budding, flowering, and fruiting periods 
of aquatic plants. It is conceivable that they may also 
influence the form of a plant, as in the case of the various 
forms of Callilriche O'jiifitica and Jianvncuius aqaatilis. 
Those kinds of the first-named plant that possess submerged 
linear leaves and floating rosettes of obovate leaves behave 
differently in winter in a pond and in a perennial spring. 
In a pond the floating rosettes die and disappear in winter, 
and others are produced in April, the plant in its winter 
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dresa bearing only submerged linear leaves. In a perennini 
spring, or in the upper waters of a river, like the Wandle 
at Hackbridge— that is, entirely under the control of such 
springs, the floating rosettes remain through the winter. 
Then, again, there is a form of Ranuttciilus aqiiatilis that 
in winter possesses only submerged linear leaves. Shortly 
before it flowers in the spring season, it produces broad, 
rounded floating leaves, and the difference between the plant 
id its winter and summer dress is very striking. The form, 
Ji, fiuitatts, that is found in running streams, and has no 
floating leaves, raight be induced to develop tliem if exposed 
to the surface-heating of a pond. 

Everything in plant-life is behindhand in a river in com- 
parison with a pond. The seeds floating in the drift genninatc 
some weeks later, and the flowering and fruiting processes 
are, in a corresponding degree, postponed. The temperature 
of 50°'0 is, in this climate, a critical temperature, as the year 
advances, for aquatic plant-life, not only as regards germina- 
tion, but also as concerns the growth of the bud. It was 
attained by the Thames in 189:J on March Slst, and in 1S94 
on March 29th; whilst, in the marginal shallows of the 
ponds, it was reached in the middle of February. It is in 
these marginal shallows that floating seed-drift collects, and, 
as a result, the floating seeds germinate much earlier in a 
pond than in a river, and the floating buds, bulbs, and root' 
stocks commence their growth at a correspondingly early 
date. On account, also, of the relatively great surface- 
heating of a pond, the flowering process is greatly forwarded. 
During the hot summer of 1893 the highest temperature 
attained by the Thames was 75°, and for twenty-five days 
its temperature was 70" or over. In the cooler summer of 
1894 the maximum Thames temperature was 73'3. and the 
days during which the river maintained a temperature of 
70° and over were ten in number. During hot weather, 
when the river-temperature was 70°, it was not uncommon, 
in the case of ponds filled with submerged plants, to find a 
surface-temperature of over 80'. Though this surface- heating 
is not exhibited by ponds covered with the large floating 
leaves of such plants as our water-lilies, our LivinaiUh, and 
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some of our Potamogetons, it is the characteristic feature of 
ponds filled with plants like Myriophyllum, Ceratophyllum, 
Zanniehsllia, Scirjms fiuitans, etc. It is indicated in 
Table II. that in sunny summer weather the surface of such 
a pond is, on the average, between six and eight degrees 
wanner than that of the river. 

In concluding this part of the paper, I would point out 
that, as yet, we have everything to learn concerning this 
important subject. For the student of the conditions of 
aquatic life, the real inquiry has yet to be begun; and it 
would be dangerous to attempt to harmonise facts of obser- 
vation, such as are given in this paper, with the habits of 
aquatic plants and animals without a general grasp of the 
intricate questions involved. When we investigate the 
thermal economy of a pond, or of a stream, we are but 
examining a single portion of a great thermal system which, 
in the first case, comprises both the road-splash and the 
inland sea, and, in the second, begins with the mountain 
rill and ends in the river.^ 

^ In Science Gossip for October 1894, I have attempted such a bird's-e3^e 
▼iew of the subject. For further reference to the influence of springs, see a 
paper by the author in Quart. Jour. Roy. Afeteor. Soc, January 1895. 
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Tablk I. 

Compariaon of the Temperature on particular Days of Ponds 
near Kingtt(M, and of the Thames at that toum. {These 
are selected cases, the mass of the author's obtervcdimu 
being worked up in Table II.) 
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Vr, Nista and Egijs of Ike Emits and the Cassowary of 
Australia. By A. J. Camtkell, Esq., Melbourne. Com- 
municated by Jous J, Dalgleish, Esq. [Plate VI.] 

([!«iiJ 18t1i M&rch lS9n.) 



treatise on the Neata and Eggs of the present Strulliious 
Birds of Australia. 

In directing special attention to these noble and harmless 
birds, it is sad to reflect that, in all probability, these feathered 
giants will be amongst the first members of our avifauna to 
be swept off the face of the earth by the rapid and t 
advancing tide of civilisation, and, perhaps even sooner than 
we anticipate, be numbered with the extinct Moaa of Now 
Zealand and the more recently defunct Emus of Tasmania 
and Kangaroo Island. 

However, as far as the present Emus and the Cassowary 
are concerned, they are still in the hands of Australians for 
good if they (the people) choose. I'roviticial parliaments 
may pass enactments for the proper protection of birds and 
animals, but it surely rests with the people to see that these 
laws are atrictly observed. 

In the matter of the form of this article, I have followed 
the method which I have adopted in dealing with papers on 
tJie " Nests and Eggs " of other families of Australian birds, 
read before various scientific societies in Australia. 

[Oeographical DUtribuiion. — Australia in general 
N^eii. — Usually a flat bed or platform composed of grass 
other herbage plucked by the bird round about the 



DROMAiua Nov.« HoLLANULK, Latham. 

(Emu.) 

Fii/KTf. — OaulJ, Birds of AuBtralia, fol. , to), ti, pi. I. 

FrtmtvM Damptwm ^ £ggi.—Qonlii, Binls of Austnlia (164S|, nlao 

Hkudbodk, vol. ii.. p. 203 (1865); North, Cat. Nttta ud Eggs ' 

Aust. Mus., p. 292(138B). 
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and trampled down. Sometimes bark, pieces of sticks, and 
leaves of trees are used, iutermingled with a few of the 
bird's own feathers. Shape generally oval, about 4 feet by 
'2i feet in size, and about 2 inches in thickness. Situatiou 
in open coantiy usually near the base of a tree or stump, at 
other times in rank lierbage or in the diy bed of a Folyifoaiim. 
swamp. Some authorities state that on the plains tbe eggs 
nre deposited on the bare earth, while in the Afallee country 
the nest is formed almost entirely of strips of bark plucked 
from these trees by the bird. 

The nest or bed is constructed or augmented as the laying 
and incubation of the ^ga proceed. 

E^. — Clutch, usual average 9, but varies from 7 to 18. 
Klegant ovals in shape, a few exceptions being more swollen 
about the centre. The appearance of a collection of freshly- 
gathered unblown specimens is very beautiful ; the surfaces 
are rongh (not unlike shagreen), with granulations of dark 
{ireen upon a shell of light metallic or verdigris green. In 
some clutches the granulations are so closely placed and 
tiattened or squeezed down as to hide completely the inter- 
stices of light green. In such instances the eggs are of 
a more uniform dark green. Tlie granules are slightly 
lustrous, but as incubation proceeds become macb darker 
and polished, while tbe intersticea become bluer or dingy in 
shade. Dimensions in inches of a normal clutch of 8 eggs : — 
(1) 5-62x3-62i (2) 5-56x3-62; (3) 5-5x368; (4) 5-5x3-C8. 
<5) 5-5 X 3 62; (6) 5-43x3-6fi; (7) 5 31x3-5; (8) 506 x 3-31. 
The eggs in this cintch are somewhat Icngtliened ovals. 
No. 2 is much lighter in colour, caused by the granulations 
being more scattered over the shell {an exception not un- 
frequently seen in a set), while No. 8 is noticeably the 
smallest in the set, 

Another clutch of 8 rather small but beautiful eggs 
gives avenge dimensions of 5'05x3'37 inches per egg, A 
remarkably regular-sized set of 12 gives 5'22x3-59 inches, 
while in a set of 13 of exceedingly dark green specimens (aa 
explained by reason of the granulations completely covering 
the lighter coloured part of the shell), the average measure- 
ments are 5'IG x 3'tiO inches. 
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Weight of 9 examples of various sizea selected pro- 
miscaously when full: — The Bmallest weighed 16^ oz., the 
heaviest 23J oz. — average of the 9 barely 20^ oz. 

Observations. — It 13 always a pleasant occupation to read, 
^vrite, or diffuse information about such a notable and noble 
creature as the Emu. The " King of the Australian fauna" the 
bird has been fitly termed. Whether seen in private reserves, 
parks, or in the open, the Emu always arrests attention. 
Even the bushman who has seen hundreds of Emus in the 
wilds, will always glance at the bird or remain to admire its 
handsome eggs. 

Considering that the Emu is such ao important and 
ornamental bird, soon likely to become scarce, or altogether 
extiuct, as is now the case in Tasmania, it is somewhat 
remarkable that so little information is published with 
regard to this giant amongst the feathered tribes. If we 
wish to augment our knowledge of the habits of this most 
interesting bird, we should do so without loss of time ; 
because, however the bird may hold its own in the little 
disturbed districts of the interior, it is becoming astonishingly 
scarce within, say, 200 miles of the sea-board, and will 
Tapidly become more so, except the parliaments, and especi- 
ally the people, aid in its protection.. It has been for many 
years extinct in Tasmania and Kangaroo Island. The 
colony of Victoria, where comparatively few Emus now 
remain, will soon rank with those islands. What few birds 
do remain, perpetual protection to them and their progeny 
might rightly be applied, nay, demanded. The meagre pro- 
tection existing in that colony is faulty, inasmuch as the 

■ close season for Emus only commences on the 14th June in 

■ «ach year, whereas some of the birds lay in April and May. 

■ Id the neighbouring colony of New South Wales, Emus are 
Ijirotected absolutely for a period of five years commencing 
1 1893. However, the law there is almost a dead letter, and, 
■M 1 myself have witnesead, is more honoured in the breach 

1 in the observance. 
Oonld's far-seeing remarks should be written in capital 
letters : — " And now a word to Australians, particularly to 
those who are interesting themselves about acclimatisiug 
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auimals (sparrows anU rabbits, and sucli like vermin, may 
I add) from other countries — wiahixg for thinge tbey have 
iiot, aod neglecLing those they possess. ... I must content 
myself by praying that protection niay be offered to that 
noble bird, the Emu. . . . How much will the loss of this 
fine bird be regretted by every right-minded person who 
claims Australia as his fatherland I " 

In addition to many notes supplied to me by friends 
favourably situated, I made a special but albeit brief excor- 
eion during the breeding season last year (1895) into the 
Wakool district of lliverina, to gather information personally 
with regard to the Emu. I was fortunately favoured with 
an invitation to stay at " Strath d on," the farm of my friend 
Mr Neil Macaulay (iu fact, to Neil and his brothers I have 
been indebted on diflerent occasions for information as well 
as for specimens), which is situated in the midst of the best 
Kmu country ; and I was still further fortunate in falling in 
with a professional Emu-eggers' camp, pitched by permission 
within one of Mr Macaulay's paddocks. I went bunting 
■with these Emu-eggers (there were four in camp) and 
"caught on" much of their experiences gained during the 
last three seaaoDs; soma of their information, being either 
contirmatory of what was already known, or being altogether 
origiual, was exceedingly valuable to me. 

A few of the earlier breeders lay towards the end of April 
or after the autumnal rains, some in May, while the majority 
have laid by June or July, the young appearing during 
August and September. Of course, eggs may be seen as late 
OS August, but on account of the lengthened incubation 
needed, they may have been deposited weeks previously. 
The hunters informed me the first young noticed by them 
that season (1895) was at the end of June. Mr Murdoch 
Macaulay, to whose kindness I am indebted for a specially 
selected set of eggs, informs me in the season of 1891 the 
Emus did not commence to lay till the middle of May. The 
laying period is much regulated by the rainy season of the 
year, and they do not lay, or only do so in small proportions, 
when the seasons are droughty or bad. 

With regard to the maximum number of eggs laid by 
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Emus, I cite the following lUveriua data: — Mr George 
Warner saw a clutch containing Iti eggs on the Tulla run; 
Mr D. Parker, a hunter, took on the 26th May 1895, on 
Nyan;^, 17 eggs from one nest, and, remarkable to state, the 
eggs were in two tiers, 12 in the bottom and h above; but 
I think Mr Neil Macaulay takes the record with IS, which 
he counted in a neat at Dunvegan. I have no records of 15 
eggs, but know of several instances of 14. 

As a t«8t for the general average number of eggs laid by 
the Emu, the following statement shows a certain number of 
nests containing 7 eggs and over, found during two successive 
seasons in Itiverina. 
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The iucubation of Kmu eggs takes about eight weekaJ!f 
reference to a record kept at the Zoological Gardens, 
Melbourne, ehowa that in 1892 youDg were noticed theru 
on the 57th day after the male bird commenced to sit. 

The male bird takes the task of incubation, during the dar 
at all events. This has been proved by birds being poshed 
from the nest, run down by dogs, and dissected on the spot. 
I imintentionally "aided and abetted" in this cruel act, but 
once only. Then I can plead in extenuation that the 
bird was started accidentally when we were kangarooing. 
Hunters invariably endeavour to keep tbeii hounds off 
brooding Emus. 

It has not been proved satisfactorily that the female never 
aits or never relieves the male at night, but it has been 
proved she lays at night, or between sunset and sunrise. A 
hunter while on the rounds to his traps tested two nests, 
examining them every niglit and morning. He found an egg 
was deposited every second day between sunset and sunrise, 
and I can vouch for his statement. However, other observers 
are at variance on this point. One says, when the Emu 
commences to lay she deposits an egg every day until the 
clutch is completed. Another, referring to a pair of birds he 
watched closely in his private reserve, says ; '* The laying 
wafi commenced and continued for about a month, until tliere 
were 9 eggs in the nest." 

The males tend the brood of young when hatched, but up 
to what age 1 I have seen a female accompanied by the 
previous season's nearly grown birds. This may be a reason 
why her lord tends to the current brood, while it ia also 
an argument against any supposition that she relieves her 
mate on the nest at night. 

In answer to a query of mine in the columns of Tk« 
Australian, the following most interesting reply was received 
from a correspondent in South Gippsland (Victoria), and 
published in the issue of the 9th October 1886 : — 

"The Emu's nest was not in a bush paddock, but in 
a small rye-grass paddock of about four acres close to the 
homestead, such paddock being clear of timber or trees 
e.vcept a few piuea and willows, and is enclosed by a paling 
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"snce and live hedge. Tlie hatching was completed at the 

*'^ pipation of eight weeks from the time the bird commeBced 

''^ sit, but it wonld depend whether the bird sat very closely 

"'" not if the hatching would be completed one or two days 

''»2fore or after the expiration of the eight weeks. There 

^ere four young birds brought out, of which two, nn- 

'-*ttnnately, were drowned shortly after, and the remaining 

^^*o are now alive and thriving admirably. The male bird 

^^lU takes charge of the young ones, and protects and nestles 

^-Vietn, and will not permit the female or any others of the 

^^cies to approach them, and he is at times quite fierce in 

-* »i3 jealous care of the young, I may say that during tha 

t erm of incubation the female was kept ont of the paddock 

S-u which the neat is situated for as long as a fortnight at 

% time, and was occasionally allowed to go into it, but she 

iiever took any part in the hatching process. The male bird, 

who was watched during the time he was sitting, was not 

seen to leave the nest during the daytime, and If he fed at i 

all it must have been at night." | 

Mr Dudley Le Souef, the Assistant-Pirector of tha 
Zoological Gardens, Melbourne, has obligingly favoured ma 
tvith the following signilicant note :—" Female (Emu) killed 
accidentally just when tinished laying. Male bird hatched 
iind reared hve young himself." . J 

Why do Emus lay during winter, when the great majority 1 

»Of birds breed during spring and summer? — an interesting ' 
l^ueetion. We are aware that each birds as Finches and | 
■iParrots usually lay towards the end of spring or in summer, 
%»hcn the grass-seeds, etc., are ripe enough for their young. 
tio 1 suspect the Emu, which lays during winter, because the 
«gg3, taking a loug terra of incubation, are hatched just aa 

IUe tender blades of grass and herbage sprout on the 
(first approach of spring, and upon which the young Emus 1 
[ I might now venture to give my Emu-nesting experiences 
|a company with the hunters previously referred to. The 
"locality is near the Neimur, a billabong (or ana-branch) of 
the Edwards Kiver, and may he characterised as flat, open, 
forest country, where red-gum {Eucalyptus roslrata) friugas J 
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the course of tlio streams, now mostly waterlesa. Raclc from 
and between the watercourses are sborl box-tree (another 
species of Eucaljiptus) flats. In paddocks where the trees 
are " runy " for pastoral purposes, tliey appear dull and dead, 
relieved only by the green suckers springing from their base, 
and ID keeping with the ;;round, which is clothed with the 
dead herbage of last season's growth. An occasional dry bed 
of a, Polyijonum swatnp adds to the monotony of these box- 
tlftts, while " a rise" of graceful pines (C'allitrU) is a cheerful 
contrast to the sight 

Being winter, the days are calm and cloudless, as a rule, 
witli much warmth in the sunshine, while the nights are 
cold, clear, and frosty, 

We perambulate the country on foot, or sometimes take 
horseback, spreading out and proceeding in line. The nest 
is nearly always discovered by the Emus starting up and 
running directly away swiftly through the bush. Not much 
time is lost in fiuding her, or rather his, starting-point, and 
there is revealed a solid oval of large and beautafal dar^c- 
f^eou eggs, side by side, touching or nearly so, with all their 
long diameters running in the one direction, or with the long 
way of the ovaL If the eggs be warm, either one or other of 
their ends feels cold to the touch. I suppose embryolo^ts 
can assign a reason for this. 

The hunters tell me that occasionally, on going through 
country quietly and coming suddenly upon a sitting bird, he 
will extend his neck out upon the ground as if to escape 
observation Iwfore being forced to run. In one particular 
instance an old bird sat so closely to his charge that he had 
to be removed with the aid of a stick. Tlie clutch (14 eggs) 
was nearly hatched, which accounted, no doubt, for the poor 
bird's unwillingness to quit 

The eggs gathered are placed down the legs of old pants, 
in arms of singlets, or rolled in cravats, the division between 
each egg being tied tightly with string, the garments when 
charged resembling so many strings of great squat-sbaped 
BBuaages. These rings of eggs are now carried round the 
hunter, over his shoulder and under the opposite arm. The 
next ring ia balanced vioe versa; and should the clutches be 
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l^Tge ia number and weighty, a third ring in the sliape of a 1 
^<'llar is placed round the horse's ueck. 

The followiug is the data of some of the nests I examined ' 
«n the spot : — 

1. 10th June 1895. Xest placed among dry herbage I 
about a foot high (chiefly Catocepkahis), 3 feet from the base 
f( two small trees (one dead). Herbage plucked from round 
about, minted with a few of the bird's owu feathers, and 
^nued into a bed about 4 feet in diameter. £g§ 

Lumber. 

2. Nest situated 6 feet from baae of medium-sized dead I 
Seemed to be a good layer of dry Galocepkalus tramped ] 

Iowa into the form of an oval bed, 4 feet long by 2| feet | 
-ad. Eggs 8. 

11th June. Nest situated 4 feet from base of tree in 
a comparatively open locality, composed of bark, grass, and 
herbage, evidently gathered or plucked from close round 
about by the sitting bird, there being a clear space or ring 
1^ foot broad surrounding the bed, which was oval in shape, 
4 feet by 2^ feet in dimension. Eggs 8. Sitting bird, after 
ng lluslied, was unfiappily run down by the dogs. 
:tion it proved to be a male. 

12th June. Nest in a slight hollow in a patch of I 
herbage, chietiy cane-grass, locally so called, in open timber. 
As usual the grass was cleared np well immediately round 
aboat and formed into a good bed, 5 feet long by 3 feet 
id, and about 2 inches in thickness. Eggs again 8. This 
;,from which I flushed the bird, was only 50 yards from a 
^frequently used buggy track. 

5. Nest placed under small dead tree, with some sprouting 
saplings from base, lied formed of dead leaves {Ettcalyphig^ 
and grass in addition to a few of the bird's feathers, but 
chiefly the Eiicaiyptus leaves evidently plucked from the 
brancblets above. Egga 8, and I fractured shell. This 

was picturesciuely situated, being protected in front 
dead branches, and made a splendid photograph. 

6. 13th June. Nest found about 50 paces from a wire 
idary fence, and under a small tree with branching 

skers from base, surrounded with a few large fallen sticks; 
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altcgetlMr with the beaatiful greeo eggs forming a prett]r 
pictoie. Then was the usual Muooct of bedding for tha 
egg^ vhiek won ao oaootapletad clutch of 6. The bird was 
ttot sitting, bat was seen lotteiing not far distant lu the 
aneertam light (it being soikIowd) the bird appeared to be 
thefaaala. 

As I was lore the ^gs in the last-mentioned clntch were 
perfeetlj freah, I bnxight one foil to my home in MelbouTne. 
It waigbfld 1 Ih. "i OS. (a weight about equal to a doxeu 
oidinaiy domeEtic fowl's eggs), the shell weighing 3 oz., 
lesTiiig a natt naalt of 20} oc This qnite filled a medium- 
aixed frying-pan, mating a sofastantial breakfaat for a family. 
Coatnry to expectatkon, the flaroar was, if anything, milder 
thao that of the domestic fowl's whicb was cooked afterwards 
in the aame pan for comparison ; therefore some palates 
m^ OODsider the Emu's eggs tasteleaa, but we proved it a 
delicacy. Uoreover, the appearance when cooked was clean 
and tempting ; the yolk was light yellow ; the albumen firm 
bnt semi-transparent, not an opaque white, when cooked, 
like an ordinary fowl's egg, nor so glutinous as a Mutton- 
bird's (Petrel) or other sea-fowl's. To boil aa Emu's egg, I 
believe, takes about twenty minutes. 

The aboriginals cook Emu's eggs by boring a small hole st 
one end, and violently ahakiug the contents into the hot 
ashea of their camp tire ; every few minutes the shaking ia 
renewed, while the whole mess is turned repeatedly until 
properly cooked. 

While mentioning about aboriginah, they only appreciate 
Emu's flesh, although sometimes white men use the oiL 
The aboriginals stalk and spear the bird by stealth, but like 
lietter to wait at a water-hole where hiids oome to drink. 
When the Emu is on his hunkers at the water's brink, the 
dusky hunter in ambush drops a tomahawk or spear upon 
the unsuspecting bird. In parts of Central Australia the 
natives taint tlie water with a weed of narcotic propensities, 
thus stupefying the birds that drink. On this subject Pro- 
fessor Baldwin Spencer remarks : — " Attention is drawn to 
the curious uae which the natives make of some plants, such 
as pituri. In certain parts of Central Australia, as, for 
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exiimple, to the emiih of Lake Aiiiaileus, a tiecoctinn is made 
of the leaves of the plant, which is found growing amoiigBt 
the sandhills, and the liquid ia placed where the Emu caa 
ilrink it, the result heing that the bird is stupefied, and falls 
an easy prey to the spear of the native. 

To show how prolific Emus are still in some parta of 
Australia, likewise to demonstrate how flagrantly the "Game 
Act" ia broken, during the season 1894, according to a 
Sydney newspaper, a boundary rider in Queensland sold in 
or sent to that city 1123 Emu eggs, which realised 12s. per 
dozen, or a total value amounting to more than his wages for 
the year. 

With reference to the question whether Emus swim 
or uot, Mr Geo, V. Armitoge (Mildura) thoughtfully sent 
the followiDg note; — "On Clirislmaa 1893 I was travellini^ 
to Swan Hill from Mildui*!! in the steamer 'Ellen,' 
when, rounding a bend of the i-iver, I was astonished 
to see, about 100 yards ahead, a smail tlock of tive 
Emus jnat taking the water (fi-oni the Victorian side). 
They either did not see the boat, or were oblivious of 
danger, for they swam on in onier to reach the opposite 
bank, and although the boat dashed right into the midst 
of them, scattering some to one side, and some to the 
other, so that they became perfectly deluged with water, 
they soon righted themselves, and reached the shore in safety, 
where they rejoined their companions who, apparently, bad 
previously crossed." 

I alluded to the extinct species of Emus that formerly 
inhabited Tasmania and Kangaroo Island. That of the 
former place may have been the same, but most probably 
differed from the mainland species ; but the following in- 
teresting note, received from I'rofeaaor Newton (Cambridge), 
1894, shows that the Kangaroo Island form was distinct: — 
"It may interest you to learn (if you are not aware of it) 
that MM. Milne-Edwarda and Oustalet have recently pub- 
lished a memoir showing that the Dromaius ater of Vieillot 
was a good species, distinct from D. novct-hollandiw (the 
Emu) and also the D. irruralus (Spotted Emu). It seems 
to have been peculiar to Kangaroo Island, where, I daresay, 
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it has beeu long ago extirpated. The French expedition 
under Bandin found it there in 1803, and brought away three 
livin^^ birds, which survived at Paris Tor several yeara, and 
a skeleton and stuffed skin are in the museum there. It 
might be worth while now to look for bones on the island. 
1 have long suspected that this species was disUnct, but 
several people wbom I asked about it declare that it was 
not. It was very much smaller than the commoD Emu, 
and darker in colour." 

I shall conclude my observations on the Emo with a pretty 
scene 1 witnessed in Uiverina one balmy day in September. 
After a tedious plodding with a buggy and pair through 
flooded lignum country, we emerged on a grassy rise where 
we noticed Emus gamboling — running sideways, kicking, 
etc. Seeing they were hemmed in by water on one side, and 
by a fence on the other side, we put the horses hard to their 
collars, and are soon galloping amongst a splendid flock of 
twenty-eight birds, some being remarkably large and dark. 
At the imminent risk of our Hying vehicle colliding with 
tree-atumps and fallen logs, we enjoy a merry spin with the 
fleet-footed birds. How graceful is their high-stepping 
action 1 We can hear the peculiar rustling noise of the 
feathers caused by the birds in rapid motion. When a bird 
puts on a spurt, or goes at top speed, it carries ita body 
together with neck extended at an angle of about 45° 
with the plain. Of course the fine birds soon distance us 
by making " tracks," amid wreaths of water spray, through 
» flooded shallow, while we wheel and continue oat 
own track. 



Dromatus iRitORATUS, Battlett 
(Spotted Emu.) 
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Figure— SqWi^j, Trans. Zool. Soc, iv., iil. 76 (1883^3 

Prcvioai Daerriptioii, of Egga.-Ca.mf\:>c\X, Victoriwi Nl.lurdi»t(18«ej; 
North, Cut. Bda. Aust. Mas. (1889). 

Geographical /JwiritMiKWt,— Northern Territory (probably), 
West and North- West Australia, interior of South Australia, 
and Victoria (accidental). 
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^^^ WuJ. — Similar to that of the common Eiull (D. nvva- 
^^^tlllanditr), being a flat bed of berbage upOD tlie grouad. 

^'.fj*- — Clutch, average 8-10. As in the other variety, 
a maximiim of 18 has beea reported. Of the usual elliptical 
furui, both ends being alike in shape, euperficially in appear- 
ance like shagreen or rough American cloth ; general colour 
of a beautiful dark green, but if examined closely only the 
raised or rough particles or granuktions of the shell will be 
fouud to be dark green, aud which, at certain angles of light, 
are polished and assume a very dark indigo colour, while the 
interstices are of a light green. In general appearance the 
e^s resemble those of the common Emu. Dimensions in 
inches of a proper clutch :"(1) 625x3-68; (2) 5-25 x 3-62; 
(3) 51S X 3 (i2; (4) 518 x 362; (5) 6 iJ6 X 3o6 ; (6) 50 x 362 ; 
(7) 5-0x3-C2. 

Obsfrvations. — Whether the Spotted Emu ia a distinct or 
good species I am hardly prepared to state. However, 
during my visit to Western Australia I gathered what 
iiiformatioD I could referring to the Emus, and although the 
common bird certainly inhabits that territory, there appears 
to exist a spotted variety also, whicli exliibita a preference, 
so it ia reported, to the " silver " grass country of the interior, 
and possibly extending its range to the north-west. That it 
also wanders far eastward ia known by the fact that a 
specimen of the Spotted Emu taken in Victoria is in the 
National Kluseum, Melbourne. 

The two species, as contrasted iu Gould, represent tho 
feathers of the spotted variety as being barred or spotted 
alternately with dull white and grey, with a marginal tip of 
black, whereas the feathers of the common variety are grey 
only, tipped with black. The general appearance of the 
whole coat of the spotted bird is frequently of a decided 
brownish tinge. This I observed in skins I saw used as 
mats in some of the dwellings of the West Australians. 

On my return home from Western Australia, Captain 
Xhomaa W. Smith, of the Government schoouer " Meda," had 
thonghtfuUy forwarded a young Emu which was taken in 
the north-west. The bird remained on my premises until 
it grew out of all proportion to the size of its quarters. 
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therefore was tranaferred to the Zoological Gardens, where it 
developed into a spleiidid male bird, with more of a reddish 
tinge about his coat, wliile the feathers are sooty grey (not 
pale grey), and darker down the centre, compared with the 
eastern birds in the same enclosure. He mated with aa 
eaatern bird, fiesult, a maximum clutch of 18 eggs, which 
unfortunately were deserted after the male had incubated 
them about fourteen day a. 

It was particularly foud of the children. When they 
romped the bird would do so too, racing round the yard and 
gamboling about, occasionally "planting," with its neck 
outstretched along the ground, aa if luding. The bird would 
devour almost anything. One day a pedlar called, was 
wroth because his basket of wares was not patronised, and 
while holding forth aa to the iniquitous conduct of the 
householder, "Spottie," as we called the Emu, because his 
juvenile plumage was decidedly spotted, stole up quietly 
trom behind, and commeuced throwing thimbles and trioki^ts 
of trifling value down hia throat, \ 

I found some confusion of dates existed among West 
Australians as to when the Emu lays there, some saying 
autumn or winter, others alhrming positively that spring is 
the time. I'robably all are right, as the breeding season is 
greatly aflected by the seasons of rain. The following uotos 
are culled Iroui Mr Tom Carter's letters to ma During a 
season of distressing drought in Iditl, he Writes from Point 
Cloates: — "Shot an Emu (female) in very poor condition. 
Doubtless bard up for water, tlie nearest known pool being 
40 miles distant, and I do not know if that bo dry too. The 
natives say the Kmus drink the sea. A shepherd killed one 
on the beach a short time ago," Again : " Emus are drinking 
salt-water and dying in numbers." 

Another season, Mr Carter writes under various dates : — 

" March 20. Shot female with large clutch of eggs wiUiin 

her." 

■■ Minilga. May 18. Emu eggs bronglit in by nativea^^ 

" Gascogyne, May 25. Five egg3»(Euiu) seen in nest.* 

Mr Douglas Cadden, who kindly forwarded me, in 1886, ft 

fine clutch of 7 eggs of the Spotted Emu from the Murchison 
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district, saya the birds usually lay there about May and 
June ; while in the south-west, Mr A. J. Bussell (Wallcliff) 
writes: "£mua lay accoriling to the season, but never earlier 
than the middle of June, or later than middle of August." 

In 1889, when I visited Western Australia, young Kmus 
about H week old were observed on the last day of October 
liy to employ^ of WiiUclifE In that case the e^s would 
hove been laid towards the end of August. 



CaSUAKIUS AU.STItAL13, Wall. 

(Australian Cassowary.) 

FiyHTt. — Qoitlii, BirJa of Australia, fot., snppl., pla. 70 >i 

Prepwua Drxriptio'in of E'J-jk. — 'Gainsay, ITou. Zoo). I 

11878}; Cioipbell. Vietorian Nitunliiit (1S86). 

Qtographical Disti-ihution. — North Queensland. 
Is'tst. — A bed of sticks, leaves, and such-like vegetabl 
debris, usually placed near the base of a large tree in doi 
•cruh. 

igs. — Clutch 4 to G ; some authorities state 3 to 5 ; of a 
graceful elliptical form, and superficially like shagi'een or 
'Itiugh American cloth, but not so rough or granulated as the 
.'fenu'a (Dromaiwi) egg. General appearance in colour, 
beautiful light pea-green, but if examined vertically the 
lised rough particles only of the shell will be found to 
be green, while the minute interstices are greenish-white. 
J)imenaions in inches;— (1) 6-5Gx3-75; (2) 5 43 x 381 i 
(3) 5-43x3 62. 

Obsa-vatioiLS. — The eggs of the Cassowary are especial 
intaresting, not only fop their great beauty, but for beii 
the largest and amongst the rarest of Australian efigs. The 
splendid birds themselves possess a limited habitat, being 
confined to a narrow strip of coastal scrub country, about 
300 miles in length, in Northern Queensland, the southern 
boundary being the Herbert Kiver (where the birds are now 
eJmoat unknown), the northern limit being the Cooktowu 
district in York Peninsula. 

On account of the Cassowary's natui'ally restricted ai 
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being token up by planters and others, the noble bird sbouM 
be rigoroosly protected, or it will as surely soon become 
extinct aa the Emus of Taamauia and Kangaroo Island. It 
has been suggested that the large scrub-clad island of 
Hincbinbrook, adjacent to the mainland, bu a reserve for the 
perpetual protection of Cassowaries. A more suitable place 
for the purpose could not well be found. 

Really little is yet known of the habits of the Cassowary — 
a great bird full of speculative interest to naturalisLs, inas- 
much as it is supfiosed to be one of the living representatives, 
or, perhaps, the surviving contemporary of such lai^e extinct 
birds as the Muas of Xew Zealand. The Aiiatmliati Casso- 
wary was first discovered by the late Thomas Wall, naturalist 
lo the expedition commanded by the ill-fated explorer 
Kennedy, and was described as Casuarius australis in the 
Sydney Morning Herald, 3rd June 1854. The second speci- 
men was shot, September 1866, by Mr It. Johnson, Inspector 
of Police — now Police Magistrate, Queensland. The bird is 
still called in some parts of that colony Johnson's Cassowary. 

Dr E. P. llamsay, in the Proceedings of tlu Zoological 
Society for 1S76, furnishes an exceedingly interesting account 
of the Cassowary. 

I fully concur with I>r liamsay's remarks about the 
wariness aud shyness of the Cassowary, and repeated his 
experience by returning without a specimen, although my 
companions and myself endeavoured persistently to obtain a 
bird in the flesh, which we wanted for a museum. Once we 
divided our party for a week— two proceeding 20 miles in 
one dii^eclion, and two a like distance in an opposite direc- 
tion. I'requently we noticed the bird's fresh tracks by the 
banks of streams, bat at the end of our appointed time we 
returned to our starting-point (camp) without "yun-gua," aa 
the aboriginals call the Cassowary, or in pigeon-English, 
" big-fellow chookie-chookie." 

A considerate selector {i.e., a person who selects and dwells 
npon the laud under Government regulations), hoping to do 
VIS a service, brought us a mangled akin, which had every 
appearance of having been skinned with his axe. 

It is difficult to understand how such a bulky bird as the 
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^BSaowai; csn jm^ its wmy tluovgb the eiituigleneQt of 
vines, canes, and creepers in sodi • npid, fne, and t»sf 
manner as it is credited with. To aid the bird in so quickly 
Unfading the scrub when pnrsned, no doubt its sloptag 
banj helmet, and the long quills of the sporioas wii^s, plaj 
■n importAQt part 

I had the oppoTtnnitj of viewing a handsome pair of 

'ull-giown Cassowmries, the property of Mr B. GulUver, at 

Acacia- Vale Nnrseries, Townsville (Qaeensland). They were 

■^caatifol creatures in their jet-black, hair-like coats, shorter 

^n build, and with much more powerful legs than the Kuiu. 

iThe bead and neck were destitute of feathers, but covered with 

^ beautiful blue and pink skin, there being also two small 

'jtinkiah lobes of wattle hanging from the breast or neck. 

The birds stood about 4 feet higfa, but when fully erect were 

a foot higher. Their horny helmets should have been about 

6 inches in length, but these headpieces had been considerably 

battered down in various duels, for both birds were males. 

To fight one another they have been observed to clear at a 

single bouod a dividing fence 7 or 8 feet high. They were 

fed almost entirely on the fruit of the papaw-tree {Carica 

papaya), cut up into morsels about an inch or so square, 

which are taken between the points of the mandibles, and by 

a graceful uplifting of the head jerked into the gullet. Whi-n 

a bird is scared or alarmed it makes a most peculiar ventri- 

■ loqual sound, repeated five or six times, To produce tliia 

) the bird is seemingly put to an immense effort, It 

lubles its head downwards, placing its skin close to its 

c, all the back and rear feathers being erected, while, with 

ismodic jerks, it pumps, so to speak, a sound resembling 

t thunder. Mr B. Gulliver captured these Cassowaries 

'hen young in the Cairns district in October 1883. 

The handsome pair of eggs which I described in 188G wer« 

rom the collection of Dr T. P. Lucas. The following year 

r Joseph Barker, in my interest, annexed from the natives 

Aborigines), just as they were about to cook and eat theai, 

vro specimens, fresh and beautiftil. The eggs, which were 

mod in the Cardwell district 3rd October, reached my 

Uection safely. Mr Barker, who is a keen field observer. 
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happened to be at Oak Hills, in the same disti-ict, during one 
of Mr K. Ilroadbeut's (the able collector attached to the 
Queensland Museum) visits, I understand together they 
found a Cassowary's nest in September 1SS6 containing 
3 fresh eggs. The nesting place was merely a hollow on a 
dry, stony ridge in the centre of a dense scrub. 

Mr LumhoUz, in his fascinating book "Among Cannibals," 
referring to the Cassowary under date 6th October (1882), 
saya : — " Natives brought me 2 eggs and a young bird just 
hatched. Eggs, 3 in number, are frequently laid at long 
intervals. In tliis instance there was the bird just hatched, 
one egg almost batched, and another egg the coutenta of 
which could easily be blown. Thus we see that the young 
are not hatched all at one time, and that the female must 
therefore take care of them while the male bird is sitting." 

As in the Emu, so in the Cassowary, upon the male 
devolves the task of incubating the eggs. The laying season 
may be said to be from the end of August or the begiuniug 
of September to October, and the period of incubation 
probably seven weeks or over. 

I do not recollect ever seeing a published description of 
the young of Cas^tarius ausfraiis. About the end of January 
1S91 1 saw in Melbourne four young Cassowaries (presumably 
about three or four months old) that were captured in the 
Johnston district of Northern Queensland, Down the back 
was a broad, dark stripe, succeeded by two others on either 
side, then by smaller ones (two or three) mure or less 
indistinct or broken as they approached the stomach, the 
interstices and stomach being dirty brown or yellowish- 
white; wattles on face and neck white, and feet also whitish; 
bill also whitish, but upper mandible bluish-black, with 
greenish tinge before the eyes. Eyes steel blue, transforming 
intermittently, in the daylight, into a greenish shade. 
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On Sigillaria Biaidii amJ iU Varvttwtis. 



I XVII, On SigiUarift Brardij, Bwngt.,and Ui Variatums. By 
^m R. KiDSTON, FJt.S.E.. F.G.S. [Plate VII.] 

^^K (EMdlStb April ISM.) 

The genua SiifUlai-ia has iiaiially been divided into three, 
though aoLuetinies into four groups or sections, according ti> 
the value placed on tlie characters derived from the structure 
of the bark and the arrangement of the leaf-scars. 

L Clatkrai-ia, Brongniart, Stem not ribbed. Leaf-scars 
placed upon more or less prominent contiguous 

Irbomboidal cuahions, which are separated from 
each other on all sides by well-defined furrows.' 
Ti/pe. — Sii/iliai-ia Brardii, Brongt. 
II. Leiodermaria-, Goldenberg. Stem not ribbed. Bark 
smooth, and generally ornamented with fine irregular 
longitudinal lines and finer transverse striie. Leaf- 
scars distant, not placed on prominent cushions. 
Type. — Siffillaria spinulcsa, Gcrmar, 
III. Ekylidvitpis, Sternberg. Stems bearing prominent 
vertical ribs, on which are placed the more or 
less distant leaf-scars. Type. — SvjiUaiia sculellala, 
Brongt, 
IV. Favularia, Sternberg. This is derived from forms 
included in Section II 1. The stem is ribbed, and 
the leaf-scars are placed close together, separated 
by trans vei-se furrows, and occupy the greater 
portion of the rib. The ribs are thus more o 
^^^H. divided into sub-hexagonal areas, the lateral angles 
^^^ftof which alternate with those on the neighbouring 
^^^pribs, and thus impart to the longitudinal furrows 
a more or less zig-zag course. Ti/pe. — Siffillaria 
eltgaris, Stemb, sp. 
The first three sections are those which have been most 
generally employed. 

In 1888 Weiss announced that from the examination of J 
a fine series of specimens from Wettin, it was shown th^t < 

> Weill hu nilMtitntedtha tenn nin«:/iafu Tor thiagrc 
d. jiingst. Slk, u. a. Rotli]., p. 168, 1871. 
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SUjUlitria UraTiiii, Urongt., passed by gradual irausilions into 
Siffillaria fpinulosa, Germar, and that this latter plaut was 
therefore only a condition of the former.' This discovery 
showed that at leant some of the Clathrsrian and Leioder- 
marian Si</ilh>-ia! were merely different coiiditioua of the 
same species. And further, in certain conditions, the leaf- 
scars of Sigillaria Brardii sometimes assume an arrangement 
having a superBcial reaemblance to the Favularian group. 
This is seen to some txtent in the upper portion of my 
Fig, I. 

Shortly after the announcement by Dr Weiss of the identity 
of Jiiffillaria apinulosa, Germar, with SigiJlaria Brardii. 
Hrongt,, Mons. Z^iller figured several specimens of Sigiliaria 
Brardii, one of which showed the organic union of the 
Cluthrarian and Loioiiemmrian forms on the same specimen,^ 
— the upper part of this specimen corresponding absolutely 
with Siyillnriii Brardii, Brongt.. and the lower portion with 
Sigillaria ^inulosa, Geriuar. It was also further shown that 
Sigillaria rhomlmdca, Brongt. only represents an intermediate 
voudition. The specimen which I figure on Plate VII., Fig, 1, 
shows the union of Sigillaria Brardii, Brocigt., and Sigillaria 
deiiudfUa, Gtipp., on the same specimen. 

A most elaborate memoir on t!ie Olathrarian Siffillaruv, 
commenced by the late Dr E. Weiss, was issued in ISM 
under the joint authorship of Dr E, Weiss and Dr T. Sterr.el. 
It forms part ii. of Die Siyiliaricn d. preuxs. SUitik.-u.-Rothi.- 
Gebiete? The accuracy of description, and the correctness 
and beauty of the plates which accompany the letterpress, 
make this work of the greatest value to all students of this 
most difficult class of fossil plants. Wliatever opinion one 
may hold as to the system of nomenclature adopted by these 
authors in their work, they never leave any doubt as to the 
foi'm of the plant tu which their names and descriptions 
refer. 

' ZeifacL, d. Jeut, gflol. Oesoll., 13S8, p. 506. 

' Bull. Sac gio\. <l. Fi«ii<^e, tit. 3, vat. xvii, p. 603, pi. tit., fig. 1, IBSB. 

' Die Sigillwien dsr preuiaiachoti Stciukohleu-und-KotblieKindeii-Oebiole, 
U. DieQru]ipe dor sub- Si pillar ien, Ablmndl d. Konig. Preusi. geoL Ltutles- 
anstilt, Ni'ue Fdge, Hult S, Uvrlin, 1S03, i>[>. i-iti, \-iiii, with atloa of 
tuBUty- eight pl«t»s. 



0)1 SigDIaria BrardU mid iU Vuriultwiis. 

Weias, in recognising tlie great variability of Su/illarUt 
£rardii, and the numerous forms assumed by dilTerent 
portions of the species under varying conditions of growth, 
— forma to which, in many casea, specific names have beea ] 
given, and which were auppoaed to belong to diffeient ' 
sections of the genus.^proposea the name of Sigillaria 
I viultins. under which he includes Sigillaria Brardii with all 
itfl forms and varieties. Hence Sigillaria Brardii, Brongt., 
I vhicb was originally deacribed as Clathraria Brardii, by 
I Brgngniarl in 1S22. and which ia the type of thia section | 
f of S^illnri^., is reduced to a. form of Sigillaria matans, Weiaa, 
E In addition to/orms, these authors name several iiariclies of \ 
I the forms, which result in such cowUnaUons of names t 
I Sigillaria -mutavs, Weiaa, forma Brardii, Broogt. ep., vap. 1 
I ettonis, Gopp. ap. 

This system of nomenclature ia oiien to many aerioua ] 
I objections. 

Notwithstanding the admitted variability of the species, 1 
I "Brardii " was the name originally given to the first deacribed [ 
I specimen of the plant, and there is no dispute as to the 
I plant Brongniart intended to distinguish by this i 
f therefore the substitution of the apeciiic name "mitlans" 
I for "Brardii " is iuadraisaible, and against all laws of priority 
I in nomenclature, The speciea always has been known, and 
I must continue to be known, as Sigillaria Brardii, Brongt., 
|- even although the various conditions of Sigillaria Brardii 
I Vary so considerably, and embrace many forms that were 
j formerly regarded as distinct species, such as Sigillaria 
flpinulosa, Germar, Sigillaria rhowitoidea, Brongt. Sigillaria 
\4emidaia, Gripp., etc. When it is known that these 
r tre only different parts and conditions of one species, the 
I distinguishing of these and other forms by distinctive names 
I seems to have been carried too far in the work before us. , 
I To illustrate what I mean, I may mention the specimen of j 
I Sigillaria Brardii, Brongt,, figured by ZeiUer in the Bull. Soe. f 
I jfiot. d. France, 'S' ser., vol. xvii., pi. xiv„ fig. 1, which ia given j 
T by Weiss and Sterzel as Sigillaria mutant, forma Brardi^i 
I JBrongt sp., var. ti/piat, HterzeX^ (upper portion), while the J 
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lower portion of tlie mme specimen ia described by Uiera as 
Sigiliaria mutans, fonna Ltirdinensis Brnrdii, SterzeL' It 
D)Hy be convenient to distinguish Home of tlie chief fonns, 
especially when unattached to typical examples of Si^Hhria 
Brardii, by such varietal terms as forma spinvXom. forma 
denuduta, etc, but the fewer of such distinctive appellations, 
the less likely will there be misapprehension as to the value 
of such names. Students of fossil botany must acquaint 
themselves with the variations occurring in this plant both 
in regard to the presence or absence of cushions to the 
leaf-scars, and in their disposition on the stem ; bnt to 
distinguish the innumerable forms occurring in Sigiliaria 
Brardii by distinctive names can only overload an already 
too much burdened synonymy. Very few examples of 
SirjilUiria Brardii are similar, though they are specifically 
itletUical. 1 therefore place SiyilliiTvi multms, Weiss, with 
its numerous named forms and viiricties, among the synonymy 
of SirfUluria Brardii, Brongt. 

Under their Si'jilhria mvtans, Weiss and Sterzel descrilje 
and figure a great number of forms and varieties, and it is 
clearly shown that many of the Leioderraarian and Clntb- 
rarian SigillarifK are only different conditions of the same 
plant. It does not, however, follow that all the Sigillnrvr 
which have been placed in the Leiodcrmaria: group merely 
represent certain slates of C'latbrate species, for, as far as one 
can see at present, such Leiodermarian species as SiffUlaria 
camploffnia. Wood sp., are essentially distinct from those of 
the other groups. 

Weiss suggests that the Leiodermarian forma of Sit/Ularia 
Brardii (S. spivido.^, S. deriudnta, etc.) may represent the 
older condition of the plant, — a condition brought about by 
the increase in girth of the stem and its enveloping bark, 
which causes the leaf-scars to be drawn apart, and the 
prominence of the cushion effaced. In some cases this may 
explain the formation of I^odermarian conditions, but it is 
certainly not the cause of all. In the specimen I give on 
Plate VII., Fig. 1, from Staffordshire, the Sigiliaria dmudata 
portion is immediately followed by the Siffillaria Brardiiu 

' I^. cit., pp. 110, 1B6. 
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(Here tiie Leiodermarian condition is not brought about by an 
increase in girth in the stem, but is evidently produced by 
a rapid upward growth of the plant which distanced the 
leaf-^cars, and prevented the foruiation of the "cushions." 
A similar condiiiou of circumstances is seen occasionally in 
the Rhytuiolejris section, and examples of such have been 
figured by Leaqucreux ' and Zeiller.' The approximation of 
the leaf-scars also usually occiu-s in the Rhytiihkpis ffxm^ in 
the region of the cone-soars, caused evidently by the drain, 
on the resources of the plant in sup^iorting the fructilicatioB. 
In the various forms oi Sigillaria Brardii, the form of thi 
Iciif-scar varies very littla 

The description of Sigilhirio. mitianx, as given by Wi 
and Sterze!, is partly adopted here in my description 
Si-jillarui Drnrdii, with which it is synonymous. 



SiciLLA.RtA Bhardii, Bronguiart 

[Plate VII., Figs. 1 and 2.] 

rinSrardii, Biongt., Class, i. irgil ton., y. '22, ]>I. i,, li^ 
liitn. du Mua. d'hist. nit, vd. viii.). 
'ia Brardii, Urongt., Prodrome, p. OS. 

„ BiaiigL, Hist. d. v^et. (m'., |k 130, )>1. dvia, 

fig. 4. 
,, Geinuir, Von. A. Stsbk. t. Wettin u. Lah^nii,, 

Heft. ilL, p. 29, pi. x)., figs. 1 wiA 2. 
,. Ooldenberg, Flora Samp, Tovi., Kufi. ii., p. 29| 
pi. *ii.,figa. 7. 8(1 fig, tO), 
Schimpcr, Traite d. pnliiuiit. vigit-. vtiL ii., p. 102, 
1)1, Ixvii., tiga, 10, II, 
., WbUb, Fowilu Flora d. jungtt. Sik, a. Botlit, 
HeFt ii., p. ISl. pla. ivi., fig. I ; xrii,, fig 
[ine!Bii«« v«r«. mi^uarfi'iiW ami trntumeran), 
., Zuiller, Veg^t. fons. terr, Lniiil. de la Fnnni! 
p. 136. pi. dixiv,, fig. I. 
lUowlt, Cou» (1, boCos, [^w■., vol. 
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> SUjiilnrin mnmmilarit, Lt., Coal Flora, vol. iit., pi. rviii., 1S84. 

* SiniitaHa tauvatri, ZeJUer, Flora fou. Baasin hoail. A. Valin , pi. txxxit.,' 
Sg. 1, 186S. 1 [lOMasa a specimeu of this plaot from StafTotdahire, showing 
■ uinilMcoudiUoD. 
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IttSl. Sig^thti-ia Brardii. Fciatmuilel. I>^ Buigeiidlli'limg im SrhUn- 
lUkouitior Hipink., p. 8S, \.\. r., tffi. 1. la. 
■Dil 2 (in ArchiT. d. natiirwiM. I«ndra. t. 
BShnien, iv. lUnd, Ko. 6, Geol. AUh.). 

IgSa. ., Wcira, AuB a. SteinkohleDlormsUon, 2nd e<i., p. 7, 

% 2a<«af Gg. 21). 

188S. „ ,. Weia, Zcitscb. U. deut gfol. GeacU., p. SOS, fig. I. 

]8SII. „ ZeiUer, Sor lea variitiani dc foimes da SigtUaria 

Brardi, BrongL, Bull. Soc. GioX. d. Praocc, 
3*a<r., vol. xvii., p. 603, pi. iit. 
,, ,. ,. WaiM, ZoiUcb. d. deut. gtol U««ell., p. 376 (XayV 

1S90, ,. lieDiiUlt, Flore fuss. TeiT. hooil. de Comentry, 

p&rt ii., p. 530, pi. liiii., fig. 1. 
.. , . Grand' Eurj. G^I. et iMliwnt. du Bania hoail. >la 

Olid., p. 2oO, pi. xi.. flg. 1 (1 figs. 2, S. 4). 

lanii. /.eiller, Flore foaa. Bassin houil. et [wrm de Brivr. 

|>. 83. 1-1. liv.. Bg. 1. 

UB3. ,. ,, rotOBiB, Flora d. Botlil. r. Tbunugon, p. 130, 

pt. Hvii.,fig. 2(ffig. 1). 

ISSS. Favttlaria Brardi, Stprnb.; Floie mondc prim., t»ae. ir., p. lir. 

IS3S. SigillaTiaThomi>oiiif a, Bmngt.,Uitt.d. vigil, (ov., p. i2Si,p\.cUu.,ig.i. 

ise7. M .. GoldcDberg, FlonSutqx Tow., Heft, ii., p. ^2, 

pi. vi-, fig. 6. 

1880. „ .. ZaiWit. Vigil. Sosa. d. terr. houU., p. 137, pi. 

cintv., fig. 2, 

1S30. Sigtll-na\tt„i.THi. Broagt {in pari), Hlfll. d- viiga. lou.. p. 130, 
pi dviji., fig. 6 (not tig. 5). 

18S7. (>oldi:Dberg [inporl), Flora Sarmp. foaa., HtfU U., 

p. 24. pL Tii.. fig- 2. 

1870, .. „ 8cliliii|«r (in pnrt), Tniti d. pal^ttt. ^ 

rol. ii.. p. lOi. 

1885. ,, ,, Renault, Camples rendna, 7th Dec. 18S5. 

188B. „ „ Wbiw, 8itr. Berirlit d. OeNll. nalurfDrscIwadel 

Frunude iu Bvrlin, No. 2, p. 8, woodcut 2. 

1630. Sigillario tUgana, BrongL {imt of the Hist. d. vSget. Ton.), Olixerva- 
tiom rat la Blmcliire iiitirioure dti SigUlaria 
tUgani cotnpar6c li celle iea Lepidedcndron «t de 
StignKaria el h. celle des v^ctAui viv&nts. Arch- 
do MuMDiti d'biat. nnt., vol. i., p. 405, pla. xxr.- 



„ Cotda (in pari). Flora d. Vorwelt, p. 21. pla. yii,, 
viil. (not pi. ii., fig. laj. 
Goldenberg, Flora Sarwp. foss.. Hat. i,, p. 2*. 
Heft, ii., p. 65, pi, v.. figs. 8.13. 
,, Bonanll, Coun d. bolau. fosa., 1 Auii^, p, 143. 

pi. iviii., figa. 7-10. 
,, Itenaull, Comptes reudus, 7 Dec 1885. 
cf. ctcgmii, WcisB. Sili.-Boricht d. Oe»ell, nnlurforiKljcudai 



FrsuuJe lu Beilia, No. 2, p. 8, «oodcut 1. 
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ISJS 


SigillarU, 


spiHuloao, Germar, Vers. <1. Steink. v. Wetlin u. Lolwjun., 
Heft. v.. p. 68, pi. IXT., Bgs. 1, 2. 


1S57. 




1-1. s., fig. 6. 
S^bimper.TraiW.I. paUi.nt. v^gsl.. vol. ii., p. 120, 
pi. Iivii. fig. 12. 


1375. 




fl.i««toM, M^ui. Acad. d. ScienocBd. rinrtitnM 
nrt. do fnucx. vol. sxii., No. 9, pi. i. . figs. 2. 3. 


1831. 




Ren«iill. Cours d. botau. fow., vol. i., p. 130, 
pi. x»u., fig. 2. 


IB89. 




WeUa,Z<=itsch.<t. deat.K»ol.Geaell..p.37e(May). 


1384. 








pi. x«iy.. 6g. 1. 


1871. 




WeUa. FoM. Flora d. jLLngat. Silt. u. Ruthl., 
p. 159, pL xvi.. %. 3. 


1881. 




R»konit«r Steink., p. 86. pi. v., figs. 8, 3a. 


1382. 




Weiu, Alia der StBinkohUnfoimalioo, 2ad cd., 
p. 7, pi. ill. fig. 23. 


J 888. 




H'trUiWufj, Weiu, Zvitrcli. d. dcut-fptol. GeKlI., p. 660, fig. 3. 


1SD3. 


Sigillaria 


rautaH., WuiBs, in WeiM Md Sterzel, Die SigilUrico d. pr«(u«. 
StBiDk.-n.-Rollil.-Gebiat8 (Abbaiidl. d. k. prenss. 

A. Leiodennarian ForiiiB. 


1803. 


SigUlariu 


iAWtatt),Wde9, forma •'el w&ito,ao|>|>.ap.,Weiu and Stewl, 
ibid., p. 92, pi. Viii., V. 3». 

„ fom.«r«««(rio/«, WeirK, iW., p. 84, pl.lx.. fig. 12. 

pi. ii.. Sge. 44. 4fi. 

., forma nUurtiiilriala, Wrisa, ibid., p. 88, pi. ix.. 
fig. 43. 


^b ^ 


^ 








,, forma ialareoliaa, Stenel. ibid., p. 102, nooduat 8. 
pi. ii.. figa. 61, B2. 
pb. X., fig. 60 ; «.. fig. 60a ; X.. fig. 47. 




i: 


form* IfiUineiuit-ipinuiaia, W. and Sterwl, »6W., 

pp. 108, 127. 
forma lAO^itunsu-Branli. RU'rr«], ibid., p. IIO. 

p. ua, pi. X.. fig. 48. 
tomi rndieant, Weiia, (iirf.. p. UJ, pi. i., fig. 49; 

pt. li. Eg. 49a, 49n. 
foma lacininta, Wriag and Stcrid. UiU, p. IIS, 

pi. xi.. fig. 53. 
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B. Sub-LeiodfimiArinn or SutvClAthrKrian Coram. 
1893. Si^tlaria niuCaiu, y/.,(iitvtarlu>mboitUa,BT0Ogl.ap.,yf-*iKiS.,UH., 
V- 117. 
,, „ .. ionuA mbriMtloidta, W. Bud SItne), ibid., p. 119. 

pi. xiL, ru«. M. 
,, „ ,, SoimniuHfiaUrmaria.'W .»aHSxenKi,idfJ.,f.lX, 

|.]. lix.. fig. 72. 
C. Clutbrariiiti Forms. 

r, W., form» H'ltlineiau, ytiia, ibid., p. 122, ph. 

fiii,. Iig. &&> ; zii., figs. &C, &S : xiti., tgf. 
67. S8. 
roriDB eanMlla/a, WeUa, IMd, p. I2S, pi. XT.. 

hk- 92- 

fonn* tiretolata, W, and StetuI, Md,, p. 130, pt. 

xiT., Hg, fl». 

fomia Brardi, W. «d<I Suricl, tMrf., p. ISI. 
forma Brardi, vu. tg/iiea, Slenel, ibid., p. 133^ 

pi. IT., fig. 00; p1. IX., % 82(T>r. gOmbrv 

fetaii, Sterzcl od Mplaontion to plat*). 
Forma Brardi, tar. oUcmCi, W. and SUnel, Mt, 

p. 138, pi. xvi., fig. ii>. 
forrna Brardi, var. skUiupu, Sterwl, >Uif., p. IM^ 

pi. xTi., fit;. (18. 
fannn£nind>, Tsr.jwficfi'n({u(a,3tcrwI,iM(f-,^I<]v 

pi. svii., fig. 47. 
formft' Brardi, Tar. fffcM/vr/nvrw, Stenel, iM.. 

p. 143, pi. XI., fig. 77. 
Fomia Brardi, tit. (Tfvnart-wrrinu, Stenel, AU., 

p. Ut, pi. it., %. 61 : pi. iTii., lig. «e. 
toTWA Brurdi, Tar. tubeaneeilata, W. aud Slrrirl, 

>A>d., p. 1S1, pL lii., fig. 7S (t pi. zii. fig. M). 
tenat Menardi, W. and Surxcl, ibid., p. Ifi6. 
rorma Mettardi, Tar. •ufr'Arnrdi, SUml, ifiirf.. 

^1M. 
forma Menardt, Tar. Autuiunni, SUncel, liii/., 

p. 16B. 
forma Menardi, tot, mnViiui, Stei»l, JUi/., p. isn, 

pi. iTiii., BgB, 68, 6», TI. 
foiuiB .tftnanfi. vnr. luhquailrala, Wcin. iiitf.. 

|i. 163. pi. xix., fig. 71. 
forma Htmardi. Tar. ^JwKvmait, SUiwl, ibH., 

p. 16t, pi. ».,GK' ^S- 
foriua 1/mardi, var. mtainio, Sttrul, ih'^, p. ICG, 

pi XX.. Sg. 80. 
fornia /avuiiita, Weiit, iftirf., p. 168. pi, STiiL, 

fig. 70. 
forma Hart, SUml, ibid., p. 170, pi. lii., 

fig. 76. 



On Sigillaria Brardii (ind it-s Varialiuns. 'lA 

|1S93. Sv/itlariaambiyua.yieaaaTiA Slpricl, ibid., p. 172, pi. xi., Gg. 79. 
f ISSS. SigUlafia, Wejn, ZciOc^b. d. >Uut. genl. Gc«ill., p. SeS, ligi. 1, 2. 
\lSi6. Le]>idodmidr>mOlimti»,GaxiX'., Syet. fil. foe*., p. 462, pT. xlii. ] 
I fis«- 2, 3. ] 

BlSflO. Lepidodendron Kxattgulart, Eicbw. (no! Gupp.), Lelbwu Rowica, vol, ' 

,. p. lU, pi, T.. Hg. 8(Tlig. B). 
ft]833. (F) ..liQiidicirM Sthlolhsimiana, Preiil. in Stetnli.. Vers., ii., p. ISl, pl,J 
Iff. 10 (excl. refs.). 

Dtseriptwn. — Leaf -scar rhomboidal, as long as broad, bu^l 
often broader than long; upper luargiii rounded, Battened, 
or notched, lower margin rounded, aides generally convex 
with sharp lateral angles, C'icatticules three, placed slightly 
above the centre of the leaf-scar, the central cicatricule 
transversely linear, generally concave, the two lateral 
oblique, frequently lunate, embracing the central cicatricule ; 
above the leaf-scar there is frequently a small circular 
cicatricule. 

Leaf-cushiim. A definite limit of the cushion often absent 
lermaria), occasionally incomplete {stth-Leiodermaria or 
Canceilata), or distinct {Clathraria or Cancdlala). Leaf- 
CQshion, when present, mote or less elevated, generally 
rounded above and below, or aubfjuadrate or spathulate with 
truncated base, and generally without any surface orna- 
mentation. Leal-scar usually on the upper portion of the 
cushion, central only in the young condition. 

Cortex. On the Leiodermarian or aub-Leiodermarian forme, 
the outer surface of the bark, between the leaf-scata, la 
generally ornamented with a shagreen-Uke sculpturing of 
hne longitudinal ridges and delicate transverse stri%. The 
longitudinal Hues are longer and coarser than the fine 
transverse striie ; under the leaf-scar the bark is frequently 
smooth, — above the leaf-scar it is generally smooth. 

Immediately beneath the leat'-scar on certain Leioder- 
marian forms there Gometimes occur one or two small 
circular scars. 
. Cortex thin — decorticated stem longitudinally striated. 

The cone-sears form au irregular girdle round the stem, 

ley are small, circular, oval, or siibtriangular, and in the 
[Clathrarian forms are placed on small cushions inserted 

itweea the leaf-scars, which, like the cone-scars, are usually 
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more or leas deformed by mutual pressure. In the Ijcioder- 
mariaa forms they possess no casbion, and are circular from 
the absence of all pressure. 

Jiemarks. — Following Weiss and Sterzel in tracing the 
changes which take place in the external appearance of the 
bark of Siffillaria BranlH, Brongt., we may commence with 
those Leiodermarian forms which have been described as 
SiffUlaria spinulosa, Germar, and Siifillana deitutlata, Gopp., 
on which the leaf-scars are distinct, ahow no trace of a leaf- 
cushion, and whose bark is ornamented with the peculiar 
shagreen sculpturing already described. It is not necessary 
to consider at present whether these forma arise from a rapid 
growth of the stem in the young state, or by increase in 
t;irth of the trunk at a subsequent period.' 

The next stage is that in which there are indications of 8 
leaf-cushion, and auch forma are described as sub-Lfioder- 
niaria or sub-Claihraria, To these corresponds the SiffUlaria 
rhomhniiea, Brongt. Here, also, the bark is usaally orna- 
mented with the shagreen sculpture. 

In the succeeding progressive form the leaf-scar is placed 
on the upper part of a distinct and more or less elevated 
subapathulate cushion, whose upper mai^n is convex, the 
lateral concave, and the lower margin truncate. The plant 
has now assumed the C'lalhrarian form, and the shagreen 
ornamentation of the bark becomes less frequent. Of this 
type ia the SigiUaria WetlliUTiMs, Weiss. 

lu the last form, the distinct contiguous rhomboidal leaf- 
cushions are separated by well-defined dividing furrows. 
On the smaller branches the leaf-cushions are frequently 
transversely rhomboidal. The cushions are generally smooth 
and free from ornamentatiou. The Si;iilliina Brardii, Brongt., 
correaponda with this condition of the plant. 

The sequence of change just described is well seen on the 
small atfiin from the railway cutting at l-'lorence Colliery, 
Longton, Staffordshire, which is shown natural size on Plate 
Vlf., Fig. 1. Commencing, however, in the reverse order 
to that given while tracing the variations through which 
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Siffitlaria Urardii passes, we find on the upper porLiou of 
this example the typical form of SiffUlarm Brardii, aa 6gured 
by Bi'onguiai-t iu 1822 under the name of Clathraria BraTdii, 
aadwhichwaasubsequentlyreproduced in the "Histoire" under 
the uame of tHifiXlaria Brardii. The leaf-cushion is elevated, 
transversely rhomboidal, the upper and lower margin rounded 
or slightly iiatteiied, and the lateral angles are produced with 
II sharp point. Its surface bears a few irregular longitudinal 
lines. Somewhat near its upper margin is placed the 
rhomboidal leaf-scar, whose upper margin haa a distinct 
notch with slightly convex sides; lUa lower margin is 
rounded, with concave sides; the lateral angles are 
prominent; cioatricules three, the central transversely 
elongate, and placed slightly above the middle of the scar, 
the two lateral, Imiate, oblique (Fig, la). 

Paesiug farther down the stem a very short space, the 
leaf-scars assume the condition of the Sigillaria rhomboidai , 
Itrongt. I^ig. Ih). Here the cushion has no appreciable 
elevation, still its presence is indicated by a transverse furrow 
above the leaf-scar, from the extremities of which lines ext«ud 
dividing the bark into faint hexagonal areas, somewhere iu 
the upper portion of which is placed the leaf-scar. The 
surface of the bark in this form possesses the shagi'een 
ornamentation, which is leas pronounced in the neighbour- 
hood of the leaf-scar. The lateral angles of tlie leaf-scar are 
slightly less prominent than in Fig. In. 

The last form to which it is necessary to refer on 
this specimen is sliown at Fig. Ic. Here all trace or 
indication of the leaf-cushion has disappeared, and the true 
Leiodermarian form of the plant is assumed, with the 
characteristic sh^reen marking of the outer surface of 
the bark. This part of the specimen is the SigUlariu 
denudaia, Gbppert.' 

' Stsrzel separatfs tlu) EoUiliogendw "iiiav<iata" from the Carboaileroiis 
deaudata," which latUr he diHliiiguishei as var. mThonica, as there baa 

been, oc^onling to this writer, QO true S. Brardii found in the Fermtnn. 

This does not appear to ha BiilHcieiit reisao for Miiarating speciiuena wliich 

KK otherwise the lame. S. Branlii liaa, lioitever, bi-en figpred fioni the 

RotbliegBtideu of Tburingia li; retanit. 
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Figure 2, Plate VIL, abows the normal form of Si<fillari(i 
Bnrdii. aod towards the baae of this example porliona of a 
verticel of ooDe-scars ia seen. These form an irregular girdle 
round the stem. They are inserted without order between 
the leaf-cushions, which are generally, along with the I^f- 
scars, mneb deformed. The oone-«ca?s yary much in contour. 
A small portion of the stem showing them, is enlarged at 
Fig. ih. These little cone-scsra are placed on cushions like 
the leaf-scars, and are formed of a circular or subtriangular 
ring, inside of which is a smaller circular ring. This latter 
probably represents the cicatrice of the Tsscnlar bundle. 

One of the chief distinguishing characters of SiffUlari'i 
tpinuioat, Germar, is the presence on the bark, generally 
immediately below the leaf-scar, of one or two small circular 
stigmaria-like scars. These were supposed by Germar to be 
the scars of decidnons spines, but Scbimper and Benault think 
they are more probably the scars of a.-nal rootlets. Owing to 
all absence of lateral pressure, these little scars on iiigillnria 
gpinidoHfi are always circular ; but on the SiyUlaria Brardii 
form of the plant tliese scars, being subject to the pressure of 
the leaf-cushions, are more or less irregular in outline. It 
appears to me from the specimens figured and described by 
Zeiller,' Renault," and others, and by that given here on 
Plate VII., Fig. 2, that these little scars undoubtedly mark 
the point from which cones — and most probably stalked 
cones — have (alien. 

Renault,^ in describing a specimen of Sigillaria Brardii. to 
the cone-Ecars of which were still attached fragments of small 
branches 1 to 2 cm. loug and 5 mm. in diameter, states that 
these spnug perpendicularly from the stem, and l>ear small 
foliar cicatrices which are distant from each other instead of 
being contiguous, like those of the main stem. In this case, 
it is clear that the scars in question did not bear atrial root- 
lets, and the specimens figured by Zeiller and Renault, already 
referred to, and that given here by me, evidently represent 
a similar condition. It also seems to follow thnt the little 



' V^it. foM. ten. houil. de k France, p!. cliiiv., Gg. 1 

* Conrad, botan. foss., ISSI, pi. ivii., lig. 1. 

* Flan) fuss. Bauin LoiuL J. Cunieiitrr, |>, GIO. 
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ircular seal's on the SiffiUaria gpinuluaa form, are likewise { 
me-Hcars. Morphologically there appears to be nothing * 
Y which they can be distinguished from the corresponding 
scars on the Sii/Ularia BrarJil condition of the species, 
Ouly in one they occur on the Clathrarian form, and in the 
pther, on the Leioderuiarian condition of the plant. 

Weiss and Sterzel ^ suggest Ih&i Palmaeites quatirangulaiits, 
Ifichloth.,^ might belong to their SigUlaHa mutans forma 
Wettinensis, Weiss,^ and Potonie* unites it with Su/illavia 
Srardii, and names the specimen figured by Zeiller as 
illaria qutuiraiujidaia,^ Schloth. sp., Sir/iUaria ZelUtn, 
Potoniu. 

The original figure of Palmacites quadratiffuiattis, Schloth., 
is very obscure, and devoid of the necessary characters for 
a right knowledge of his plant; and if the figure correctly 
represents the true condition o£ the fossil, it must have 
been in a most imperfect state of preservation. Under these 
ciicumstances, I do not see on what grounds a satisfactory 
identification ai Hiifillarm Brardii can be made with Palma- 
piUs quadramjutaiiis, Schloth. Such an identification must 
■iafer that Schlotheini's specimen possessed characters neither 
ihown in the figure nor referred to in the text, and this course 
I am not prepared to follow. But whatever view may be 
taken of Schlotheira'a Ftdmaciks quaJraiufidnltis, Zeiller's 
Si'jiliaria quailrmiffiilnla seems to be speciticully distinct 
from tfiffiilaria Brardii, Erongt. 

SigUlaria obliqua, Brongt,,'' Si/fdlaria venosa, Brongt.,'' and 
Siyillaria Upidodendrifolia, Brongt. (in part),* seem to have 
wry close affinity with Sigillariri Brardii, if they are really 
icifically distinct; but an examination of the original 
icimens would almost be necessary before arriving at a 
itisfactory opinion on this point 



Di«Sigillari«D J. pwnaa. Stoi iik. -n. -RoUil. -Guliiete, 

PetrerscUnkaiiJe, p. 395. pi. i»iii., fig. 1, IsaO. 

nSd., pL xii,, Tig. 65. 

Flond, Kolhl. V. Thiiringen, p. 190, 1S90. 

Bull. Seta. gio\. d. Fraui:!!, S° ser., vol. xiii., pi. i: 

Hilt. d. vigit. Toss., p. 420, pi. dni., figs. 1, 2. 

/bid., p. «24, pi. cirli., flg. Q. 

Ibid., p. «e, pi, chi,, fig. 3 (ii't figs. 1, 2). 
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SiffUlaria Brartlii, Brongt., is very rare in Bntaiii, and 1 
am much indebted to Mr John Ward and Mr F. Barke foi 
the apecimeus described in this paper. 

UlTER COAL-MEASUnES. 

Locality. — Railway cutting. Florence Colliery, Longtoi 
North Staffordshire (the Potteries Coal Field). 

fforiton. — About 300 yards above Bassey Mine Ironstone, 

which is about 280 yaids above the uppermost bed of the 

Middle Coal-Measures. Collected by Mr F. Barke. Keg. 

No. 818. _ 

Middle Coal-Measokes. 

LomlUi/.—Co^'B Marl Pit, Longton, North Staffoi 
(tlie Potteries Coal Field). 

HorixoiK — Above the Peacock CoaL Collected by Mr 
AVard. Keg. No. 817. 

E-tl-LASATlON OV Pl.ATE. 

Fig. I. SijUUria Sntrdii, nroogt., n«torsl vni, from railway ci 
Floronno Colliery, iiongton, North Staffordsbirp. 

Pig. lu. LtaT-acar ruiI cuahioD froTu portion reprMenting tjrpictd fonu of 
SigiUaria Srardii ; > 3, 

Fig. III. Leit-avtr (rooi [lortion rcprescntiDg the SigillarM rhoinbaiiita, 
Brongt, ; >' 3. 

ng. le. Leaf-sc4r Trom portion reprwenting the SIffillni 
G3pi>.; X 3. 

Fig. 2. SiffilliTia Branlii, DioDgt., uatara) >!zr, from Cope'ii Marl 
LoDKton, Nartli SUITordaliire. 

Pig. 2ii, Leaf-Bcar ami cushiuo ; x 2. 

Fig. 2&. Portion of ateni showing coiic-9C*rs ; t 'i. 
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XVHL A Preliminary N'otiec of a Parfmiie Copepod from flu 

vas deferens of Nephrops uorvegicua. By J. Stdart 
Thomson, Esq., Demonstrator of Zoology, New School 
of Medicine, Edinburgh. 

(tieftd ISth April 1S96,) 

During the past session, while demonstrating the internal 

organs of Nephrops norvegicu.% I noticed on the walls of the 

vas deferens a very conspicuous abnormality. This consisted 

of a swollen mass or hernia of a light burnt-sieuua colour, 
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extending over so considerable an area (4U millimetres in 
length by 10 milliuietreB in breadth) as quite to alter the 
ordinary appearance of the latere -posterior aspect of the 
tlioracic cavity. On closer observation, the deformity was 
seen to be produced by a somewhat worm-like animal, whose 
head was attached to the walls of the vas deferens. This 
parasite, evidently a female, was accompanied by a small 
male of a very dissimilar fonn, which lay towards its posterior 
margin. I removed these dimorphic parasites fi-om their host, 
and placed them in methylated spirit for future examina- 
tion. On a later inspection of these animals, I recognised 
that neither of these were as well preserved as I would have 
desired, and therefore I set myself the task of finding 
further specimens, and of endeavouring to obtain data as to 
the frequency of their occnrrence. For this purpose, all the 
specimens supplied to us for class dissection were carefully 
examined, and, in addition to this, I looked over a number of 
Norway lobsters at a well-known fish-dealer's in town. 
After an examination of about five hundred specimens, I had 
only procured two more parasites — a male and a female — and 
these not occurring on the same host; but in addition to 
these two actual specimens, in two other cases I noticed a 
degeneration of the vas deferens, posaibly produced by a recent 
attack of this parasite. Thus it appears that during the 
winter season this parasite is by no means a frequent guest 
in Nephrops nonag^kus, probably only one animal in a 
hundred being infected by this parasitic Copepod. lu 1884 
Mr J, T, Cunningham showed that tlie Norway lobster is 
attacked by a parasitic Trematode, which he named Slicko- 
cotyle ■M-pkropin, which lives in the rectum of its host ; and it 
is interesting to note that these Trematodes are much more 
frequent in occurrence than is the case with these Copepod 
parasites, for Cunningham aays, " Usually out of a dozen 
opened, three or four are infected." On the other hand, my 
percentage is the same sta that given by Nickeraon for the 
infestation of another host — the American lobster — by the 
same Trematode, Slickowlyle nephropis. The more general 
haunts of parasitic Copepoda are the skin, scales, muscles, 
fins, gills, eyes, lips, tongue, nasal cavity, and palate, and 
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tlius we notice that the liabitnt or the Copepad under dis- 
cussion is exceptional in two ways — firstly, in being more endo- 
parasitic than is usually the case in this order; and secondly, 
being situated on the male reproductive duct, a fact which 
is to be compared with that of certain Cryptoniscidw ntnong 

s Isopoda, as Giard and others have shown, which seriously 
aifect the male reproductive oT^ans of their hosts. 

The connection between this C'opepod and the vaa deferens 
of its host is an extremely close and intimate one ; so much 
is this the case, that it is ditHcult to fix their respective 
limits. I have had some difficulty in preserving these 
parasites — a dilticulty which has been experienced, but not 
overcome, by previous workers at this family of Copepoda, 
I find that methylated spirit ia preferable to formalin ; but 
the former must be added in a very gradual percentage. 

The Aren affected by Pnraeitiam, — In one case the area 
affected by the attacks of this parasite was slightly over 40 
millimetres in length by 10 miUimelres in breadth. In 
another case the area aflected was not nearly so extensive ; 
but in the latter case the vaa deferens appeared to have been 
ruptured ; this rupturing might partly be the result of rough 
treatment in the trawl, or during carriage, as specimens are 
not infrequently mangled in this way. In this second case, 
the area affected only extended over 15 millimetres in length 
by 5 millimetres in breadth. 

Size of the Animal. — In one case the length of the female 
appeared to be slightly less than 8 millimetres, while the 
length of the male was approximately 5 miillmeties; but the 
nieasurementa of the female were not very exact, as it 
was difHcult to fix the exact limits of the animal. We may 
notice, however, that there ia not so marked a dill'erence 
in size between the male and female of this species as in 
a number of other dimorphic Copepoda. 

Description of (lie Femnk. — The female of the older speci- 
men waa evidently so much altered in form by its endo- 
parasitic habit, as to afford little or no clue as to the original 
shape of the animal. The younger stage, however, showed 
that this is one of those bizarre species deformed by warty 
outgrowths of the body. Some of these oulgiowtha are so 
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definite in form as lo lead one to mistake them for true 
appendages. The shape of the body in the female resembles, 
in quite a marked degree, that of Anckonlla trij/lte, Clau?, 
a species belonging to the family Lema'cpodida.' ; but on the 
other hand, the head sliows a similarity to that of Ce-tCopm/". 
ampleduns, a member of the same family. The head, as in 
these two species, is fairly distinct from the thorax; but. 
probably on account of the intricate connection with the vaa 
deferens, I was unable to make out a distinction between 
thorax and abdomen. Aa regards appendages, I experienced 
considerable ditHciiIty in their dissection and in understanding 
their arrangement, on account of their being so thickly 
crowded together; the situation of the head, as in the 
LerntcopodidiT!, being such that the appendages lie close 
together on the ventral surface. 

The satue difficulty has been experienced by otliers who 
have studied the Lern^opodida;. In this female the only 
appendages which I made out at all distinctly were the first 
three pairs, presumably the two pairs of antenna: and the 
mandibles. The first pair of antenna! is much smaller and 
not nearly so prominent as the second pair. They show 
a trace of segmentation ; but ttiis is by no means so distinct, 
nor are the segments so numerous, as those of the second pair. 
The second autennie possess a main joint, from whose euda 
two branches projects They extend farther forward, and 
tend to conceal the first pair. At the anterior head estreraity 
of the older specimen I noticed a sucking organ, which is 
provided with a ventral and a dorsal fixing process. The female 
further shows a very alight niching on the dorsal surface of 
the head, and this is noteworthy, because, in the male, we find 
a much more prominent and extended niching of the dorsal 
surface. The female showed little or no trace of segmentation. 

Description of ike Male. — I obtained only two of these male 
parasites at different stages, and these possessed rather dis- 
similar chamcters. In both, however, there exists a very 
distinctive niching on the dorsal surface. This dorsal niching 
lias an appearance not unlike that seen in the same position 
in Canthocampltts mimUicornis and other species. The better 
preserved of the two specimens showed a division of the 
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body into cephalothorax and abdomen; but in neither of 
these two specimens was segmentation at all distinct through- 
out the length of the body. In one of these males, I made 
out tlie ordinary appendages of the cephalothorax, namely, 
two paira of antennn?, one pair of mandibles, one pair of 
maxiUfe, and the rudiments of three pairs of maxillipedes. 
The posterior end of the abdomen had a shape which 
reminded one of that seen in some other species of the family 
Li'rna>opodidiie. 

Gffnerie PaxUion. — Having found only a few specimens, 
and these exceedingly difhcult to investigate, I have been 
unable to satisfy myself as to the generic position of this 
parasite, though 1 have evidence, which I hope to strengthen, 
that it belongs to the family Lemieopodidje. A comparison 
with previously recorded forms inclines me to believe that 
here we have to deal with a new species, and that it will 
furnish fresh links between the several members of this 
family of Copepoda. This family, the Lemjpopodidre, is 
regarded by Kurz as one of the most natural among the 
Copepoda; but partly on account of the diiliculty in deter- 
mming the arrangement and structure of the mouth parts, 
and partly on account of the difficulty of preservation, the more 
aberrant forms of this family have been somewhat neglected. 

So far the life-history of this parasite is unknown, or liow 
it comes to occupy its peculiar position on the walls of the 
vas deferens. It is possible that it entered the male repro- 
ductive duct as a larval form. 

In conclusion, I would here express my indebtedness to a 
fellow of this Society, Mr Lewis Beesly, who assisted me in 
making drawings and in looking over a number of specimens 
in search of these parasites. 
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XIX, Ohitimry Notice of the Inle Mr John G^inn, Scn-elnry 

► to ike Society. By K. H. Traqdair. M.D., LL.U., F.R,S. 
(lUad ISth Juiuar; 1S96.) 

John Guun, eldest son of the late Mr Alexander Gunn, an 
extensive farmer in Caithness, was born at Dale, about five 
miles south of Halkirk, in that county, on the 7th September 
1853, His education, begun at the country school of Wester- 
dale, near his father's house, was afterwards entrusted to a 
private tutor, and finished at the Hoyal Academy at Tain, 
where he conspicuously distinguished himself as a pupil. 

In 1874 he entered an accountant's office in Glasgow, hut 
his health, which from childhood had been somewhat delicate, 
suft'erod from the close confinement which is inseparable from 
such an occupation, so that before two years had passed he 
was obliged to throw it up, and to proceed to the Continent 
for several months to recover his strength. 

On returning to his native land, he spent some years at 
home in Caithness, busying himself mainly in local archiibO' 
logical investigations, until, in April 1886, he proceeded to 
Edinburgh to occupy a post in the " Challenger " office, under 
Dr John Murray, F.R.S. At the close of the Challenger 
Commission, Mr Gunn occupied himself with literary work, 
at first for Messrs Bartholomew of the Geographical Institute, 
afterwards for Cassels & Co., of Jjandon. During his life in 
Edinbui^h, he also occupied much of his time with the duties 
of Librarian to the Royal Geographical Society, and, as we 
shall presently see, with those appertaining to the secretary- 
ship of our own Society. 

Mr Gunn joined the Royal Physical Society in February 
1887, and in December of the same year he, to the gratifica- 
tion of the Council and of the Society generally, allowed 
himself to be nominated as Assistant Secretary in succession 
to the lat« Mr John Gibson. In December 1892, when the 
iU-health of our then Secretary, Mr William Evans, necessi- 
tated his taking a prolonged rest from work of the sort, Mr 
Gunn was appointed Acting Secretary for a year, at the close 
of which, on Mr Evan's definite resignation, the Society was 
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glad to entrust the conduct of its afTdirs lo bioi as pertnaneiit 
Secretary. 

No doubt the removal from their {lo&ts within go short a 
time of two admirable secretaries — Mr Robert Gray, by 
death in 1887 ; Mr William Evans, by resignation in 1893 — 
constituted severe losses to the Society, but in Mr Guon we 
liad cboGen a. man eminently fitted to make good these 
losses. The habits of exactitude which his work in Glasgow 
had developed, his experience in the Challenger Office, 
joined to an instinctive painstaking tendency, exactly suited 
him for undertaking the duties of secrecy from the business 
point of view, while his scientific leanings, along with his 
remarkably amiable disposition, secured liim the liearty 
co-operation of many friends in providing material for the 
work of the Society. 

From his boyhood be displayed a decided scientific bent 
of mind, the branches of knowledge which specially attracted 
him being history, archieology, and geography, though at the 
same time he had wide sympatliies as regards all the subjects 
which ordinarily come before us under the designation 
of Natural History. But though, as a Society, we lament 
the loss of a thorough man of business, who devoted himself 
in the most zealous and painstaking manner to the good 
of the Society, it is those who bad the pleasure of knowing 
him personally who feel that loss most keenly. Utterly 
unselfish, as well as utterly unaasuniing, he seemed to 
consider working for the benefit of others to be the great 
object of his life, and those who enjoyed his friendship 
know well how sincerely devoted and faithful a friend 
he was in every case. They also know well the geniality 
of manner which shed a blight ray of happiness over an 
hour or two spent in hia company, and the charm of his 
conversation, enlivened by a profusion of anecdote and 
supported by a groundwork of genuine kindly disposition 
and sound common sense. He was indeed what few of 
us can boast of being, a "man of many friends and no 



In the month of March of last year, after the intense 
cold of January and february bad given way, the country 
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was visited by a severe epidemic of influenza, and one of 
tlie victims of this epidemic was onr dear friend and 
secretary, Jolin Guno. Though he had indeed recovered 
from the oT'dinary symptoms of the disease, a weaknesa 
III' the heart seemed to have come on as a sequela, and 
this Wiis doubtless the cause of his death. On the 
morning pf the 27th of April last he was found sitting 
placidly in his chair, but no longer alive. 

We, who sui-vive, will bear him in affectionate memory 
till our turn also arrives. 
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XX. Ohiliifiyy A'olirr nj Br lioUrt Brmcu. By J. G. 
GooDfJiiiLit, F.Z.S., i'.G.S. 

(Read 15th Jsnitur; 1S96.) 



The recent death of one of the former Treaidents of the 
Koyal Physical Society calls for at least a short notice in 
the pages of the Society's Journal, even though the subject 
of the notice had been absent from our midst for nearly 
twenty years. 

Robert Brown was horn at Cainpster, in Caithness, in the 
year 1842. He left that place early for Coldstream, where 
he received the earlier part of his education, and then came 
to IMinbnrgh, where in due time he graduated as Master 
of Arts. Then for some time he devoted himself to the 
study of medicine, and thereby received the scientific 
training which formed the basis of so much of his after 
work. It seema that, after studying some time in Edin- 
burgh, he went successively to Leyden, Copenhagen, and 
Itostock, at which latter place he received the degree of 
Doctor of I'liilosopliy, 

In 18G1 he entered as sui^eon on board a whaler, and 
in that capacity visited Spitzbergen, Greenland, and Baffin's 
Bay. collecting in the meanwhile much information of value 
in regard to the geology and biology of the Arctic regions. 
Three years later he was appointed Botanist to the British 
Columbia Kxpedition, and then commander of the V t 
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Island EsploriDg ExpeditioB, He oontributed b series of 
papers on tlie results of these expeditions to the Am^mn 
Joumnl of Science and other magazines. On aiiotlier occa- 
gion he revisited Greenland — this lime in the company of 
Edward Whymper — and subsequently wrote several other 
papers bearing more or less upon glacial physics. 

After hia return from this latter expedition, he was 
appointed I^ecturer on Geology, Zoology, and Botany at 
llie Watt Institution, Edinburgh, and at the Meclianics 
Institute, Glasgow. 

He took a prominent part in the management of the 
EiUnburgh Field Naturalists' Club, and was appointed the 
first President of that body. In 1S72 he was elected 
President of the Royal Physical Society, and subsequently 
fulfilled the duties of Secretary to tlie same Society during 
the years 1874-76. 

Amongst his published works arc some few on Natural 
Science subjects contributed to our Proecfdiiuji. He is 
bett«r known, however, amongst geologists in general, in 
connection with his paper " On the Physical Structoie of 
Greenland," published in the papers for the Arctic Expedi- 
tion of 1875, as well as for others on kindred subjects which 
appeared in the Qu^rterlti Journal qf the GeologictU Socidt/ 
of Lomion and elsewhere. 

In addition to his original contributions to scientific 
literature, Dr Brown was the author of a large number of 
compilations, most of them dealing in a popular manner 
with various branches of Natural Science. 

Of late years he had devoted himself mainly to purely 
journalistic work in connection with the Scolamnn, the £cho, 
the Sttrndinl, and others. 

He died at Stroatham on the 2()th of October 1 
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IHormn I'f the Old lied Sajulstojit. By John S. Flett, 
M.B., B.Sc., Aaaisiant to the Professor of Geology iu 
Ediubui'gb UuiTeraity. 
It 



{Rend IGtb February 1^06.] 



' It is now four or five years since I discovered iu a quarry 
in Ueeruess. in the East Mainland of Orkney, specimens of 
Dipterm macropterus (Traquair), a fish hitherto recorded 
only from the John o' Groat's beds in the north-east of 
Caithness. Last summer, when visiting the same quarry in 
the hope of obtaining additional specimens, I was struck by 
the presence of a small Asterolepid, which greatly resembled 
Microhrathhis Dicki (Peach), another of the fishes hitherto 
peculiar to the above-mentioned horizon iu Caithness. The 
specimens were not well preserved, but careful examination 
confirmed my first impression, and when I returned to 
Edinburgh I submitted them to Dr Traquair, who assured 
me of their identity. During a short holiday at Christmas 
I was enabled to revisit the locality and collect additional 
specimens of the fishes which occurred in it, as well as 
lo make some examination of the strata of the district, 
Having shown the entire collection to Dr Traquair, he at 
once identified several of the specimens as belonging to 
Trirhistoptervs alatvs (Egerton), making three species in all 
which have been yielded by the beds exposed in this quarry, 
What is worthy of note is that these three species, now 
for the fii-at time recorded from Orkney, are precisely those 
which are characteristic of the John o' Groat's beds in 
Caithness. The quarry is a small one, about 400 yardk 
north of the Deerness Parish Schoul. The rock is a dark 
grey, thin bedded, veiy calcareous and brittle flagstone. It 
dips E.S.E. at a low angle, and in many places shows a 
curious curving and contortion of the beds. In this quai-ry 
no other description of rock is to be seen. The fossils are 
exceedingly abundant, Dijilo'iix mucroplerus greatly pre- 
dominating in numbers. WlitTi I visited the quarry, the 
layer then being lifted showed on its exposed face quite 
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A number of Mierobrachii, but fiom careful exftmioatioa 
J feel convinced that this species is practically confined to 
one or two of the beds worked at present. Beside these 
tishcs, no other foasilfl occur except drifted and broken 
fragments of plants, from & few inches to 2 feet or more 
in length, and sometimes 3 inches in breadth. These 
fragments are common in the Orkney flagstones generally, 
and are mostly undecipherable. I visited two other quarries 
in adjoining fields, one being somewhat above, the other 
somewhat below the level of the Microbrackius quarry. Both 
yielded a similar rock to that described, the upper containing 
also a few thin shaly beds, under wliidi are some beds of 
sandstone, each 6 to 8 inches thick. Both quarries yield 
J), mneroplems iu abundance, but badly preserved and 
readily decomposing on exposure, and plant remains. In 
neither did I find MitrobrneJiiiiH. The dip is the same as in 
the first- mentioned quarry. 

To ascertain the nature of the rocks at this particular 
horizon, I made an examination of Uie coast section exposed 
iu the cliffs at the south side of Deerness pariah. The narrow 
neck which joins the peninsula of Qeemess to the mainland 
of Orkney is crossed by a fault which runs in a northerly 
direction out the bay. The downthrow is probably to the 
oast. The first beds met with on tbe Deeme&s shore are yellow, 
somewhat coarse sandstones, in beds 4 to S inches or more 
thick, dipping E.S.E. at a low angle. Followed along the 
shore, they are succeeded by reddish sandstones, with red 
clay beds and thin layers of grey shales. At the Mermaid's 
Jlocks, these are cut by a trap dyke running nearly north and 
south, and, as seen iu the shore, about 25 feet broad. A little 
fartlier on, they are overlain by beds of red clay, with here 
and there sandstones, and over these a series of thin brittle 
calcareous flags, alternating with grey shales and layers of 
yellow sandstone. These are well exposed on the western 
shores of Newark Bay, and their dip varies a little, but is 
generally S.E, and E,, at angles of 4 or 5 degrees. From their 
character and their strike there can be no duubt that they 
are the beds which yield Hicrohrachius in the quai 
mile or so iuliuid. Tliey are succeeded by soft dark bi 
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sandstones and shales, abundautly ripple-marked and sun- 
cracked, which form a gentle syncline, and crop out a^jain oa 
the east side of the bay, beyond which point the dip rolU 
over again to the east ; and a aeries of red and brown sand- 
stones, with frequent yellow sandstones, red ahales, and thin 
liedded grey flags, forms the coast up to the Point of Ayre. 
The whole thickness of this series, from Dingyahowe to the 
Point of Ayre, a distance of three and a half miles, is about 
1200 feet. 

Although quarries are few, owing to the unsuitable nature 
of the rocks for building or road-niaking purposes, I have no 
doubt that the succession, as traced in the shore, holds good 
for the inland structure of the district; for, traced along the 
strike in Deer Sound, there is no evidence of any important 
dislocation ; and again, the beds are cut by two massive trap 
dykes, one already mentioned running north and south from 
the Mermaid's Castle, the other emerging at the Poiut of 
Ayre, and running north-west and south-east. Both of these 
I traced in several places inland, and found that they con- 
tinued in straight lines— one actually passing within a short 
distance of the quarry in which the fossils were found. 

Apart altogether from their characteristic fossil contents, 
the lithological character of the rocks of this horizon is 
worthy of notice. They distinctly resemble the Huna beds 
of the Caithness coast, and I have little doubt subsequent 
examination will show that they form a considerable part of 
the East Mainland of Orkney, as rocks having these charac- 
teristics, and containing D. macroptertts in abundance, occur 
in several distinct localities in the district. On the other 
hand, in the district west of the great fault, which runs from 
Howquay Head to Kirkwall Bay, rocks of this facies do not 
occur, and from these beds none of the chamcteristic John 
o' Groat's fishes have been recorded. 
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Wedtusdaff, I8th November 139G. — Professor J. Stbuthers, 
M.U, LL.D., Tresident, in the Chair. 

iMr J. G. GOODCHILD, H.M. Geological Survey, F.G.S., 
R2.S., M.B.O.U., retiring Vice - President, delivered the 
following opening address, entitled "Some Geological 
Evidence regarding the Age of the Earth": — 

IiUroduction. — Geologists from time to time have attempted 
many estimates regarding the Age of the Earth, and especially 
that portion of the Earth's history represented by tlie interval 
between to-day and the period when the oldest strata con- 
taining fossils were laid down. Ail who have made the 
attempt have realised that it is impossible, with our present 
knowledge, to state the antiquity of the rocks in question in 
terms of centuries, thousands of years, or even in millions. 
All we can feel sure of is that the records of the rocks fully 
justify us in claiming for the earth an antiquity so vast as 
to be fur beyond the power of the human intellect to grasp. 
When a geologist wishes to form even some faint conception 
of what this antiquity implies, he turns to astronomy, and, 
after having formed iu his mind some conception of what is 
meant by astronomical distaace, he is able, in some measure, 
to transfer his conception of those vast intervals of space to 
VOL. xui. T 
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the conception of the equally vast intervals of time witli 
which it is hia own special province to deaL^ 

"Vague, indefinite, but unquestionably vast beyond con- 
ception" is a phrase that must recur to the mioda of most 
geologists when referring to the subject of Geological Time. 
Yet, indeGaite though it must long remaiu, it seems to me 
that almost every attempt that has been made at reasoning 
out an answer to the question, " What is meant by Geological 
Time?" has contributed something that has helped to make 
our ideas upon the subject more and more definite. Specula- 
tion is not without its uses in science; and even when it 
may be based more or less upon error, the correction of that 
error may at least help to guide others into the track which, 
sooner or later, will lead tliem up to the truth. 

In dealing with this subject of the Age of the Earth, the 
fundamental idea which a geologist steadily keeps in mind 
is t)iat all the changes, physical and biological, which the 
records of the rocks inform us have taken place upon the 
Eai-th in the Past, cau only be understood and properly inter- 
preted by reference to changes of the same nature which 
are kuowu to he in progress during the Present. This, of 
course, does not imply absolute uniformitariauism (as this is 
commouly understood), but it allows for catastrophism in 
certain exceptional cases, along with normal uniformity of 
action in the rest. The geologist obtains abundant confirma- 
tion of the justice of this view in the fact that, throughout 
the whole series of rocks, and even throughout those strata 
which are older than the most ancient yet known to contain 
records of life, the manifestations of Nature's forces show no 
signof any action ditierent, in either degree or kind, from those 
which are known to be at work at the present day. Rain 
fell in those early days much as it falls now. Wind blew 
then with apparently no greater force than it does to-day. 
The tides and currents of those early periods appear to have 
obeyed exactly the same laws that they do now, and in no 

^ Tho rutlonoTnical models id the ilaftenjii of Practical Geology, and tbe 
marc oitotiilod aet placed in the Gallery at Scottish Geology and Mineralogy 
in the Edinburgh Husenm of Science nnd Art, were set uiit with the express 
object hero referred to. 
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case do they show any sign of having acted with greater 
energy than they do at the present day. In short, even as 
far back as the commencemeut of the Cambriiia Period, the 
two great geological factors, solar energy and gravitation, 
appear to have operated then very much aa they do now. 
To a geologist this merely indicates that the close of what 
has been termed the Astronomical History of the Earth 
terminated many milUona of years prior to the Cambrian 
Period, and that the Earth must have been in a condition 
suitable for life through a long period of the time when the 
Arcbtean rocks were in process of formation. 

Taming to the records supplied by fossils, we find that 
the life -conditions during Lower Cambrian times were in no 
respect yet discovered different from what such conditions 
are to-day. Organisms then, aa now, changed under the influ- 
ence of varying environment and other biological factors at, 
apparently, at least as slow a rate as now. Hence biologists 
concur with geologists in claiming, as requisite for the develop- 
ment of the existing forms of life, an interval of time fully 
as vast aa that required to account for the physical changes 
which are known to have taken place upon the earth. 

It is true tliat some there were, and perljaps there may 
be 8onie still, who, taking note of these facts relating to the 
Earth's history, declared that they could perceive no vestige 
of a beginning, and no prospect of au end. It was only 
natural that a reaction should set in against views so directly 
opposed to all that we know through the researches of the 
astronomer. Mathematicians and physicists of eminence 
took up the question, and discussed it from their own stand- 
points, basing tlieir conclusions upon what, at the time, 
appeared to be well - established facts. The conclusions 
referred to were by no means identical with those to which 
geologists had been led. Lord Kelvin, for example, boldly 
stated his opinion that all geological history allowing con- 
tinuity of life must be limited within some such period as 
100,000,000 of years; and Professor Tait was disposed to 
allow even very much less than that. Lord Kelvin has 
lately considerably modified tlie view here referred to,' but 
' "KitQie," ?ol. li., 1896, p. 267. 
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even yet geologists in general do not feel satisfied with the 
concession. 

It certainly requires that a geolo<^3t should feel that he can 
place considerable reliance upon the valne of his own set of 
facts and inferences before he can venture to call in question 
the validity of the conclusionaarrivedatby men of undoubted 
eminence in their own subjects, such as Lord Kelvin and 
Profesaor Tail are. Nevertheless, geologists still shake their 
heads, and repeat with approval Professor Huxley's well- 
known saying that " Mathematics may be compared to a 
mill of exquisite workmanship, which grinds you stuff of 
any degree of fineness ; but, nevertheless, what you get out 
depends upon what you put in ; and as the finest mill in the 
world will not extract wheat-flour from peoscods, so pages of 
formulifi will not get a definite result out of loose data." In 
the following pages I shall confine my attention to the purely 
geological side of the question, leaving the physicists to take 
up the discussion and deal with it in the light of new facts 
and views. The results at which they will eventually airive 
will not, I feel confident, prove so discordant with geological 
evidence as those to which reference has just been made. 

I propose in the following pages to pass in review certain 
changes which are known to have taken place in the past, 
beginning with the latest periods and working backward. I 
shall therefore commence with the Glacial Period. 

Time required /or t}u Physical Changta thai have laJcen 
place during the Tertiary Period. — One of tlie best regions 
in the British Islands for the study of the changes which 
have taken place since the commencement of the Tertiary 
Period is to be found in the Inner Hebrides. It is true that, 
in regard to the sequence of glacial events, these islands do 
not afford us evidence quite as satisfactory as do other regions 
to the east. This, I think, is probably owing to the fact that 
the influence of the complex conditions known as the "Gulf 
Stream" (whether in the bodily transfer of warm water, or 
in the northward transfer of aqueous vapour, which, by ita 
condensation into rain, warms the air — matters not in the 
present connection), was maintained close to the edge of 
the present 100-fathom line west of Europe all through the i 
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Glacial Period, Consequently, from the West of Ireland 
to the Lofoten Isles, or farther north still, the evidence of 
glaciation is mainly confined to the low ground. Be that 
aa it may, there must have been an excessively heavy rain- 
fall there, if there was not much snow ; and although the 
low ground, in, for example. Loch Curuisk in Skye, under- 
went considerable erosion through the action of simple 
glaciers of large size, the high ground there, as in the Lofoten 
Islands, was probably never overridden by an ice-sheet for 
any lengthy period, if it was so overridden at all, I only 
refer to the matter here in order that some reference may 
be made to the time which has probably elapsed since the 
Climax of the Glacial Period. Taking into account the 
araall extent of the physical changes which are known to 
have occurred since that period, I made a rough estimate in 
1887 * that this time was distant from our own not mure 
than 20,000 years, Observations by others, at home and 
abroad, have helped to confirm that estimate. Twenty 
thousand years is, at any rate, well within the estimates 
commonly made. 

How long the Glacial Period lasted is a question still not 
satisfactorily answered — it certainly must have been one of 
great len;^th, if one may judge by the amount of erosion that 
was accomplished on the eastern side of the Scottish water- 
shed, where the precipitation from first to last mainly took 
the form of snow. Cut we do know that, although the 
valleys in the west were both deepened and widened by the 
ice, yet, as valleys, they existed long prior to the Glacial 
Period. 

The time required for the excavation of these valleys by 
the joint agency of subaerial erosion and ice has next to be 
taken into account. We have no need to attempt an 
estimate of the thickness of rock removed during the Glacial 
Period itself — and almost none has been removed since. It 
will suffice if we take the average rate of lowering of the 
surface in general at 1 foot in 3000 years instead of 1 foot 
in 6000 years as is usually done, and then, in this case, 

' " loe-Work in EJoDsiilf," Traiu. Cutiibeilnad aiiJ WoatmorluDi! A&socU- 
tion. No. xi., p. 187. 
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assame that under the cotiiiitions most likely to haw 
obtained in Pliocene and Pleistocene times, that denudation 
went OQ more rapidly than is usually the case. Bearing 
this in mind, we will assume that an estimated 1 foot in 2000 
years for the erosion accomplished would be one certainly 
on the safe side. From the summit level of the Cuchullin 
Hills to the sea-level is now over 3100 feet^ These hill* 
consist of a kind of gabbro, a plutonic rock that, whatever its- 
nature and origin, could not possibly have been formed 
within a short distance of the surface. One would be 
almost justified in regarding it as a rock of deep-seated 
origin, for even if it be, as I have suggested in the Geological- 
Magazine, that this gabbro represents basaltic lavas re- 
crystallised by later intrusions, the metamorphism would 
still require that a considerable thickness of over-lying rock' 
should have once covered it, and have since been removed.' 
There are no exact means of arriving at an estimate of what 
that thickness was. But assuming that the Skye Volcano 
was of the same nature as, and had slopes as low as occur in,' 
the volcanic mass of Hawaii, that alone would give us a^ 
elevation of its central portions of, at least, 8000 feet. In 
the period since the old volcano died out it has bewif 
trenched by rain, rivers, and ice to its very core. If thiS 
denudation has gone on at the moderate rate of only 1 fool 
in 2000 years, this rate gives us 16,000,000 as the tin» 
required for the formation of the valleys. The quantity of 
rock that has been removed since the close of the volcania 
period can be sliown by other examples to be enormous. Sij 
Archibald Geikie, in his well-known " Scenery of Scotland,i 
refers especially to the excavation since that period of th<| 
great valley in which lies Loch Scridain in Mull; also t0 
the extensive removal of volcanic material implied by tlij 
shaping of the Sound of Mull; and, further, to the evidenotf 
afforded by the dykes. For instance, referring to the dykd 
that crosses Loch Lomond and rises to near the summit o^ 
Ben Voirlich — aud assuming that the particular dyke ill 
question is of the same age as the volcanic rocks of Sky^ 
Itum, Mull, etc — be points out that, if the great valley i^ 
which Loch Lumond is situated was actually in existence 
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! time the volcanic matter was being erupted, the dyke 
^ould have filled the valley instead of taking its present 
form. Hence, he points out, the valley must have been 
excavated since. Inferentially, thererore, any, or all, of the 
largest valleys that traverses the Highland plateaux may 
well have been formed since. No geologist fully cognisant 
of the vast and important physical and biological changes 
which can be shown to have taken place on the Continent 
and elsewhere since the close of the Miocene Period here 
referred to, can hesitate to regard the estimate of 16,000,000 
of years as being well within the mark. 

We have next to consider the time required for the build- 
ing up of a volcano of the dimensions above referred to. Sir 
Charles Lyell many years ago pointed out that the rate of 
growth of a modern volcano would appear to be very much 
slower than has commonly been supposed. There are 
several reasons why this is the case. (1) The eruptions are 
intermittent, and are often separated by long periods of repose, 
during which the ordinary agents of denudation tend to 
transport much of the newly formed volcanic material in the 
direction of the sea. (2) Violent explosive ontburata occur, 
perhaps several times, in the life-history of most volcanoes. 
These result in the shattering of much of the rock material 
previously accumulated, and aid in its transfer by the action 
of the winds to areas many hundred times the area of the 
parent masses (3) The lavas resulting from effusive eruptions 
usually take the form of narrow streaks, which are radial in 
respect to their cratera! starting-points; other lava streams 
following these from the same crater rarely or never overflow 
the ridge formed by their immediate predecessors, but 
usually follow the line of lowest ground, which generally 
lies in another direction. Hence the lavas flowing from a 
summit crater take the form of radial streaks. To com- 
plete the circuit of the cone may require, in the case of a 
volcano of the form of Etna or Hawaii, many thousands o£ 
years. Hence the average thickness deposited in a century, 
taking the volcano all round, must actually be very smaU. 
Professor Lloyd Morgan, writing upon the subject of 
Geological Time (Geological Magaziiif, 1878, p. 204), regards 
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1 foot in 300 years as a fair average rate at which the grovth 
of a volcano may be computed to have grown. No one who 
has carefully considered all the facts will regard this 
estimate as erring on the side of excess. We will therefore 
osaume that the Skye Volcano, 8000 feet high over its central 
portion, grew at the rate of 1 foot in 300 years. Even at 
this comparatively rapid rate, and svipposing liiat its growth 
went on without cessation, the volcano must have required 
2,400,000 years for ita completion. It is well known, how- 
ever, that the growth of the volcanoes of that part was 
interrupted more than once or twice by long periods of 
quiescence, and we are therefore well within the truth in 
fixing the time at the rate just given. 

For the purpose in view in the present address, it will be 
taken for granted that the Skye Volcano began to erupt 
some time in the Oligocene Period — many would think we 
should he quite justified in assigning a later date even than 
that to the commencement of the great volcanic episode. 
Prior to the Oligocene Period there was formed on the 
Continent several thousands of feet of the marine Nummu- 
Htic Limestone. Near Biarritz this rock is more than 3000 
feet in thickness. The evidence for the whole of this being 
of later date than the Chalk, and of older date than the 
Oligocene strata, is admitted on all hands. Prior, therefore, 
to the tiret outbreaks ot the Skye Volcano, and posterior in 
date to the Upper Cretaceous Eocks, occurred the marine 
episode referred to. 

In dealing with the question of the rate at which rocks 
of sedimentary origin are being formed at the present day, 
we find ourselves at once face to face with the principal 
difficulty with which we meet in attempting to estimate the 
Age of the Earth. Of the rate of formation of terrigenous 
deposits we know as yet but very little. All one can say 
with tolerable certainty regarding the subject in general ia 
that, aa the greater part of the materials employed in their 
formation is carried seawards from the land by the t^ency of 
rivers, at a rate which is now (thanks to the labours of 
Tylor, Lyell, Croll, Geikie, and others) fairly well known, 
the rate of formation of a marine deposit of terrigenous 
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irigia over a given area cannot much exceed the rate at 
which that mat«rial was wasted by subaerial agencies from 
an equal area of land. Bat when it cornea to particulare, 
we are confronted with sn many difficulties that it seems 
impossible, with the knowledge we can at present command, 
to make any statement regarding the rate of formation of any 
kind of terrigenous deposit, which can be regarded as much 
more than a speculation. Even if, in the case of any given 
river- discharge, we knew the rate at which the various sea 
currents were ilowing, and we were sure of their direction in 
all cases, we should still have to take into account the fact 
that all delta-areas are areas of subsidence, and, further, that 
both the rate of subsidence and the rate at which the down- 
ward phase of terrestrial undulation which it represents is 
rogressing, are factors of the utmost importance in working 
Hit a question of the kind before us, It is only, it seems to 
, in the case of marine deposits of organico-chemical 
uigin that we have any data which appear to be at all 
rustworthy in this respect. These, at any rate, are not now 
' So much affected by local causes, and probably have not 
been eo in the past. Moreover, the influence of diffusion 
throughout the whole oceanic area tends rapidly to equalise 

I the percentage of mineral substances held in solution. 
Hence, for example, if a river draining a limestone district 
vhere there is a heavy rainfall, carries into the ocean at 
ene part exceptionally large quantities of lime-salts, that 
quantity is soon equalised throughout the whole area of the 
ocean. In like manner, if, as in the case of the Pacific and 
Indian Oceans, the growth of coral reefs locally drains the 
surrounding water of its lime-salts at an exceptionally rapid 
rate, the balance is soon made good by supplies carried into 
L the ocean from points hundreds or may be thousands of 
B miles distant. Hence, ignoring coral-reefs as a form of lime- 
tons which is confined to the Post-Miocene Periods of the 
Earth's history, marine limestones appear to afford ua the 
most satisfactory data upon which we can base our con- 
■clnsions ; as such, in the remainder of this address, I propose 
to employ them. 

Mode of Formation and Rale of Grou'ih of Marine Zime- 
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stones. — To be brier, one may say that the limestones of 
marine origin are formed almost entirely by tlie direct and 
indirect agency of animal and vegetable organisms, living and 
dead. These, as Irvine has shown, extract their carbonate of 
lime chiefly from the sulphate of lime present in sea-water, 
from which, nltimately, they convert it into the carbonate. 

It will probably be generally admitted that all lime 
compounds in solution, both river-water and sea-water, were 
derived, primarily, from the silicates in eruptive rocks. 
From these they have been liberated by " weathering," and 
have been carried seaward in solution as bicarbonate. 
Probably nearly all limestones, except, perhaps, those 
associated with hij;hly metamorphosed rocks of eruptive 
origin, are, so to speak, secondary products — the primary or 
initial stage of calcium being that of combination with silica 
in eruptive rocks. From both primary and secondary sources 
lime- salts are being carried seawards from the land by 
rivers at a rate which for the whole world is now fairly 
well known. 

It has to be remembered that it is mninly from this source 
that marine organisms obtain the supply whence the hard 
part of their calcareous structure is built up. Supposing, for 
the moment, that this lime secreted by marine organisms is 
wholly derived from the supply furnished by rivers, let us 
see what the quantity possible to obtain per annum upon the 
sea-bottom would be. For this purpose we must first review 
Dr John Murray's figures relating to the relative areas con- 
cerned. Taking these from his latest papers, we have- 



Total Area of the Globe, . 
Total Area of the Land, 
Total Area of luland Diainngo, . 
Total Area of Ombii Drainage, . 



Area of Ocean Draiasge to Area of eolire Ocean, aa 

Area of Ocean Draioigo to Area of Calcareous DepoBits, 1 to 1-173. 

Area of Ocean Drainage to Area of Terrigenom DepoiitB, 1*62 to I. 



Aver, percent, of CaOO, 1 



1 27.890,300 HI. 
50,000,000 
a,7B0,10O 
10,120,600 



106,040,700 square milea, ^^^^| 

Lire Ocean, aa 1 to 3'1S4. ^^^H 

Icareous Deposits, I to 1-173. ^^^H 
rrigenoQB DepoiitB, 1'62 to I. ^^^^H 

niles of Terrigenous Deposita, 19'^^^^H 

., Dnep Sea Clays, 6 '7 I 
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We have next to consider what evidence we have regarding 
the rate at which lime-salts are being supplied to the sea 
through the agency of rivers. Dr John Murray, in his 
"Total Annual Kainfall of the Land of the Globe, and the 
Kelation of Rainfall to the Annual Discharge of Rivers," 
Hoyat Scottish Geographical Magazine, iii., pp. 65-77, gives a 
mass of data of the highest possible value in this respect. 
From Dr Murray's tables, Mr C. D. Walcott, in hia " Address 
io Section £ of the American Association for the Advance- 
pneut of Science" (August 1893), has computed "113 tons as 
the total amount of matter in solution discharged into the 
Atlantic basin per annum from each square mile of area 
drained into it. Of this, 49 tons consist of carbonate of lime 
aod 5'& tons of sulphate and phosphate of lime." In a foot- 

ite Mr Walcott gives an abstract of Dr Murray's figures aa 

illows : — " Total amount removed in solution per annum by 
rivera, 762,587 tons per cubic mile of river-water. Total 
diecharge of river-water per annum into the Atlantic, 3947 
cubic miles. Area drained, 20,400,000 square miles. 
Amount of carbonate of lime per annum, 320,710 tons per 
cubic mile of river-water ; of sulphate of lime and phosphate 
of lime, 37.274 tons." Dr Murray's Table VII., op. cil., p. 76, 
gives the proportion of the two latter salts as CajPjOg, 
2913 tons, and CaSO^, 34,361 tons per cubic mile. Mr 
Wilbert Goodcbild has computed for me the total quantity 
which these would represent if converted into CaCOg. This 
comes to 4*143 tons from the phosphate and sulphate, which, 
added to the 49 tons of carbonate of lime, gives as the total 
53443 tons of carbonate of lime from each square mile of 
land surface per annum. The figures, it will be noted, are 
less than those given by Mellard Reade in his " Chemical 
Denudation in Relation to Geological Time," Froe. Liverpool 
Geol.Soc., vol. iii., pp. 212-235 (1877). Further computa- 
tion shows that, if we assume that 12'5 cubic feet of limestone 
go to the ton, this total quantity represents 6643 cubic feet, i 
which, if distributed over an area equal to that whence i 
been derived, would, at the present rate of delivery j 
rivers, require 41,985 years for the accumulation of s 

ickness of a single foot. 
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The etitire ocean area is to the area of ocean drainage as 
3-194 to 1. If, therefore, the qiianlitj of lime-salts carried 
hj rivers into the ocean is converted into the solid form and 
left over the entire ocean area, the formation of a thickness of 
one foot of limestone wonld require more than 133,000 years. 

There are, however, several causes which materially 
modify this result. One arises from the fact that the 
pressure of ocean water tends to dissolve calcareona 
organisms, beginning, as Professor Kendall has shown, with 
those which consist of nragonite, which arc entirely dissolved 
before they descend from the surface-waters to a depth of 
1500 fathoms, and dissolving those which consist of calcite 
as the depth increases, so that below 2900 fathoms hardly 
any reaches the bottom. This redissolved lime again enters 
into circulation, and becomes diffused through the areas 
adjoining The area where this dissolution takes place, 
therefore, must be left out of account. It may be roughly 
estimated to form about one-third of the entire ocean floor. 
There are other areas of the ocean, again, where the low 
temperature of the surface-water is unfavourable to the 
growth of large numbers of the pelagic lime-secreting 
organisms. Over this area, therefore, the supply of lime- 
salts in the sea-water is but little drawn upon. Then, again, 
although coral-reefs do undoubtedly represent a drain of a 
large quantity of the ocean lime-salts over an area perhaps 
extending even thousands of miles around, yet the solution 
of the limestone so formed goes on both at the surface and at 
some depths below, so that a fairly large proportion must 
find its way again into diffusion soon after it is fixed. 
Littoral shell banks, again, although they do represent so 
much solid material abstracted from the sea-water, yet 
undergo solution to some extent. Add to these sources the 
percentage of lime-salts dissolved by the ocean waters from 
the coast-line itself, delivery from submarine springs, and 
the lime dissolved out of basic tulf which happens to fall 
into the sea. and we seem to have taken into account every 
possible source whenco lime-salts can find their way into the 
ocean. 

If we assume for the present purpose tliat the quantity of 
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lime-salta carried seaward annually by rivers is left in ths 
solid form over one-third of the entire ocean area, and that 
the supply from the rivers is largely augmented by supplies 
derived from the possible sources mentioned, we still leave a 
large margin for the deposition of carbonate of lime from 
other — entirely unknown — sources, if, instead of 1 foot in 
41,985 years, we regard it as accumulating now, and as 
having accumulated on the whole iu the past, at 1 foot in 
25,000 years. 

If we estimate the thickness of the foraminiferal Num- 
mnlitic Limestone at only 3000 feet, this alone would 
iioquire an interval of no less than 75,000,000 of years for 
completion. 

It is right to observe at this point that if there is any 
truth ill the speculation that the atmosphere at past periods 
of the Earth's history contained even a slightly higher per- 
centage of carbon-dioxide than it has now, the formation of 
lestone must have proceeded at even a slower rate than 
Also, if the ocean (as is supposed by many pereona) 
formerly had a larger area relative to the laud than it has 
now, the formation of limestone at the bottom of the sea in 
past times, so far from being more rapid than it is now, must 
have gone on at even a slower rate still. I shall therefore 
assume throughout this paper that 1 foot in 25,000 years is a 
fair rate to allow for the formacioo of marine limestones other 
than coral-reefs, with which geologists are but little concerned. 
Summarising these figures, we have therefore for the dura- 
tion of the Tertiary Period : — Time since the Glacial Period, 
.20,000 years; time for the excavation of the present land 
[aorface of Lho Western Island volcanic areas, 16,000,000 
years; growth of the Skye Volcano, 2,400,000 years; time 
required for the formation of the Nummulitic Limestone, 
75,000,000 — total since the commencement of the Tertiary 
Period, 93,420,000 years. 

Ninety-three millions of years may seem to those who are 
not fully acquainted with the succession of events that has 
taken place since the commencement of the Tertiary Period 
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^K(o be too extravagant an estimate to be for a moment 
^^Beriously considered. With both geologists and biologists, 
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however, the case will be differeat Each will be only too 
fully aware of the difficulty that is encountered in attempting 
to explain the vast and important changes in both the oi^uic 
and the inorganic worlda during the period in question. If 
we may judge of the rate of changes in the organic world by 
the rate at which, on the whole, those changes have pro- 
ceeded since the dawn of the Historical Period, then the 
time required for the evolution of the various forms of life 
that have peopled the globe since the commencement of the 
Tertiary Period must be vast almost beyond conception. 

Again, if, as geologists, we have to interpret the changes 
in the inorganic world that have taken place in the past, we 
are bound to do so by reference to the changes that are going 
on at present, and this is especially true when we are dealing 
with the geological history of a period so comparatively 
recent as that just noticed- Not to interpret the recent past 
by the actual present would be to reject one of the surest 
and best principles of geological reasoning. Those who, 
considering all these points, may still be in doubt regarding 
the chronological importance of the Tertiary Period, may be 
reminded that in the Mediterranean basin aloue an aggregate 
thickness of over 23,000 feet of strata, largely composed of 
marine limestones, was formed in this period, and that the 
very materials out of which much of our largest mountain 
cliaius have been shaped had not come into existence in the 
form of rocks until a lat« period of Tertiary times. 

Finally, if it can be shown, on sufficiently good grounds, 
that the changes that have taken place in a period so recent 
as the Tertiary Period require for their accomplishment a 
measure of time so much iu excess of that which, on mathe- 
matical grouuds, we are told is all that can be allowed for the 
time since it was first possible for life to exist upon the 
earth, then, I would respectfully submit, there must be some 
serious error in the data upon which those computations were 
founded. I venture to think that such must be the case, 
and in the concluding portion of this address 1 shall make 
bold to point out where it seems to me that some part of 
the error may possibly have crept in. In the meantime, 
geologists will probably agree with me in thinking that we 
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uy disregard the view I have referred tu regarding the Age 

r the Earth. We may again advance, though most of my 

fellow -thinkers will agree with me in taking the lesBon we 

have learned seriously to heart, so that when we do again 

advance, we may do so with much more cautious steps thaa 

many of us took before Lord Kelvin appeared at our bead 

■Mtd gave us the order to countermarch. 

F Btlalion of the Tertviry Rocks to those oftkc Crctaeeoits Age, 

— In the Mediterranean region, and in the adjoining parts of 

Asia, no line can be drawn between the limestones of Eocene 

^e and those referred to the Cretactious Period. But in 

LWestern Europe the difference between the Eocene fauna 

lod that of the Chalk is generally regarded as so great as to 

mply that a long interval of time elapsed between the forma- 

ioD of the two deposits. 1 shall endeavour to show that this 

ifference is by no means as great as has been generally 

iBimted. Moreover, an examination of almost every known 

Ktion where ihe Lower Eocene Thauet Sands lie upon 

i Chalk, convinced me, over thirty years ago, that there 

I no trace whatever of any physical break between the 

iwo, or, at any rate, no more than might be expected to 

jcompany a change of conditions from the warm surface- 

inrrents and the deep water of the Chalk sea to the colder 

iiface-water and lesser depths of the sea in which the 

"hanet Sands were deposited. I therefore think it safer not 

D take into account, in the present connection, any interval 

time which may possibly have elapsed between the close 

f the Chalk Period and the commencement of that during 

prhich the Eocene Thanet Sands were formed. The com- 

piencement of the period when the Kummulitic Limestone 

Was formed immediately followed the close of the Cretaceous 

Period, and was not separated from this by any break. 

Time required for the Formalio'n of the Chalk. — The tme 
measure of time required for the formation of the rock of any 
given geological period should be estimated with reference to 
the maxivium thickness known to occur between an uppet 
well-defined stage, characterised by life-zones whose contem- 
sneity over a larger area has been well put to the test hj 
f observers, and a lower stage equally well characterised 
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by its foasib. I would refer to the relation of the Moffat 
Terrane, with its graptolite zones, to their chronological equi- 
valents in North Wales ; or to the Lias, with its Ammonite 
zones, in illustratioti of what is meant here. If possible in 
making comparisons, sedimentary rocks of one petrographical 
type — such as there is reason to believe miiat have been fonned 
at nearly the same rate through all geological periods — should 
be uniformly employed. Marine limestones are ceruinly the 
best for this purpose, except where, as in tlie case of acme 
few rocks formed since Eocene times, these may happen to 
consist of true coral-reefs. Thu Chalk appears to me to be 
a typical deposit of this kind, as it was certainly formed in 
deep water, and at a rate sufficiently slow to admit of its 
including records of a long succession of changes of life — 
longer, I should think, than the whole of the period ihat has 
elapsed since its formation ceased on this pari of the earth's 
surface. 

In the neighbourhood of Southampton, and again near 
Norwich, the Chalk exceeds IIOU feet in thickness. On the 
east side of the North Sea it is even thicker than that. 
From bottom to top, it is almost entirely free from admixture 
with rock material of purely terrigenous orij-in, and its 
general peti-ographical character is that of a deposit formed 
under much the same conditions as the foraminiferal oozes of 
ocean of the present day. 

f we assume, as was done in the case of the Nnmmulitic 
Limestone, that 1 foot in 25,000 years fairly represents the 
rate at which limestones are now being (and have always 
been) formed, then, not taking iuto accoucit any interruption 
of deposit, a thickness of HOO feet of Chalk requires 
27,500,000 years. 

If this is the case, we need hardly marvel at the gradual 
disappearance of the Cephalopoda of the Chalk, nor at that of 
the great reptiles. According to the view here set forth, the 
Ammonites and Belemnites died out almost entirely within 
the Cretaceous Period itself. Only one Ammonite is known to 
survive to the period represented by the topmost bed of the 
Chalk, and the great reptiles appear, one by one, to have 
vanished from the face of the earth at an earlier period even 
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than that. As for the lower Invertebrata, it cannot be too 
strongly insisted upon, as I pointed out many years ago, that 
the Gasteropoda and Lamellibranchiata of the beds next 
below the (Jhalk are very closely related to those which 
reappear in tlie Lower Eocenes, and especially in the Thanet 
Sands. N^eed I repeat that the same is substantially true of 
both the hahes and the plants ? 

Upper Grcciisatid and Gault. — The base of the Chalk 
graduates downward in places into a glauconitic sand sinsilar 
to that which is now being slowly accumulated in deep 
water off the east coast of Africa. This, in turn, graduates 
downward into the fine-textured marine clay, the Gault. 
The numerous biological changes to which the fossils in these 
rocks testify, necessarily denote long intervals of time. In 
the absence of any reliable data, we may perhaps assume 
that these rocks, as a whole, were formed at the rate of 
1 foot in 5000 years. The Gault is 300 feet in thickneae 
(or more), which, at the hypothetical rate suggested, gives 
us an interval of 1,500,000 years. 

An important unconformity occurs at the base of the 
Cretaceous Series — one which implies so vast a lapse of time 
that it would appear to be desirable here to consider, first of 
all in general terms, to what conclusion phenomena of this 
kind are likely to conduct us, 

ChroTwloffical Vatiie of Unconformities. — There exists 
amongst geologists a considerable diversity of opinion re- 
garding the time-value which should be put upon uncon- 
formities. On the one hand, there are those geologists who 
regard every unconformity as representing an interval of 
time which, in every case, is proportional to the thickness 
of strata missing, which interval of time they think should 
be added to the time required for the deposition of the 
quantity of rock rcraoved. On the other hand are those 
who are disposed to regard all unconformities in the light 
of mere local, and purely accidental, phenomena, to which, 
in estimating the Age of the Earth, no importance whatever 
need be attached. There are others again, who, in spite of 
perfectly clear field-evidence, will persist in either inserting 
hypothetical unconformities between two adjoining groups 
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of strata whose fossils happen to differ materially (as, for 
example, between the Chalk and the Thanet Sands, or between 
the Dyas and the Trias), or, otherwise, will ignore with 
equal persistence the time-value of an extensive uncon- 
formity such as that between the Ix)wer New Ked or Dyas 
and the Carboniferous and other rocks beneath, merely 
because a few fossils of low biological grade happen to have 
a sufficiently wide range in time to extend across the 
unconformity. 

That unconformities have very different time-values in 
different cases, no held-geologist would be prepared to deny. 
All he would say regarding the general question is that 
each case must be judged entirely on its own merits, and 
that due regard must be paid in each case to both the 
physical and the biological aspect* of the question. All 
unconfoi-mities must necessarily be, in one sense, local pheno- 
mena, and there must be, in every case, strata of some kind 
or other which have been formed in one pai't during the 
interval when waste and destruction were going on in 
another. This is only another way of stating the fact 
that the deposition of strata must have gone on continu- 
ously, and absolutely without break, over one part or another 
of the earth's surface, from the very beginning of its geological 
history down to the present day. It is only that the areas 
of deposit have gradually changed their positions, and that 
areas which at one time have been areas undergoing depres- 
sion, have gradually changed phase and have become for a 
time areas of upheaval. There are many geologists who 
are of opinion that movements of these kinds have at one 
time or another affected eveiy part of the earth's crust — 
in the course of long ages changing continental areas into 
oceans, or oceanic areas into land. However much geolt^ists 
may differ upon this particular point, they are all agreed 
that earth-movements take the form of undulations. They 
would probably also mostly agree that these undulations 
differ widely in different cases in their amplitude, in their 
wave-length, and in their frequency. If, bearing these 
points in mind, they would take into account the fact 
(to which fuller reference will be made further on) that 
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Kese terrestrial undulations progress, and roll, like great 
Senestrial tide - waves, from one part of the earth's 
surface to another, in the course of long ages, much of the 
difficulty that has been experienced in dealing with the 
subject of unconformities would no longer be felt. In each 
case, where it is possible to do so, we have to determine 
the amplitude, the wave-leuf,'th, the locus of each wave- 
crest or wave-sinus at any particular time, the frequency 
of the undulation, and, finally, the direction of propagation. 
Geological evidence in a few cases supplies us with infor- 
mation upon one or more of these points, sometimes to au 
extent sufficient to warrant us in coming to fairly definite 
conclusions regarding the chronological value of particular 
unconformities. In other cases the information is very 
scanty, and we can only form our conclusions upon this 
point after studying a considerable number of collateral facts. 
In pursuing the study of unconformities, there are many 
^alls into which the unwary inquirer may readily slip, 
in this matter perhaps more than in most other geological 
Buhjecta it is necessary to proceed with the greatest possible 
caution. In the case of one unconformity which will be 
considered in some detail presently, a particular stratum can 
be shown to lie across, or overstep, the edges of varioua 
strata wlioae collective thickness amounts to several miles. 
In a case of this kind we have to be quite sure (1) that the 
collective thickness referred to actually represents the thick- 
ness of strata which are known to have covered the lowest 
stratum overstepped at some time prior to the deposition 
of the overstepping slratum. (2) We have to assure our- 
selves that the unconformity in question is not wholly or 
in part contemporaneous, i.e., whether in the case referred 
to the denudation of the strata did not commence at one 
part, while the deposition of the higher and newer strata 
of the same series went on in another — the areas of denuda- 
tion and deposition lying within the area now overstepped 
by the unconformable bed. (3) We have further to assure 
ourselves that the unconformity in question belongs wholly 
to the period following the close of the formation of the 
highest bed overstepped, or whether it may with more 
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of strata referred to consists of 2000 feet of the 
'ealden and 3400 feet of the Juraesics. This estimate 
does not take into account the thickness of the Liaa 
(1340 feet) nor that of the New Red (fully 2500 feet), 
because there would appear to be some evidence that these 
strata were contemporaneously denuded during the formation 
of the later-formed rocks. To these rocks so removed we 
might well add the thickness of the Lower Greensand ; but 
as there appears to be still some doubt in the minds of a few 
geologists regarding the physical relationship of these rocka 
to the strata above and below, I have thought it better in 
Abis connection to leave them out of account. 
^ Now if we are to go upon the principle that we must, as 
fcr as possible, interpret the past by the present, we are 
jnstified in assuming that after the Wealdeti strata were 
formed, and before the Gault was laid down, strata to a 
thickness of 4400 feet were tilted and denuded. If tliia 
denudation went on at the rate of 1 foot in 3000 years, this 
implies an interval of time of 13,200,000 years. Further 
investigation may, possibly, lead to this estimate being some- 
what modified; but, in the meantime, what other estimate 
can be made? If we abandon the principle of interpreting 
the past by the present, we shall be ignoring one of the 
foremost principles upon which all modern geological reason- 
ing is based, I would much prefer to state my conclusions 
arrived at after due consideration, let them be in accordance 
■with the beliefs at present in fashion or not, rather than make 
any departure from moderately uniformitarian principles. 
We now retrace our steps, aud consider here the Time 
■iredfoT the Formation of the Lower Grctnsand. — Strata of 
between the Wealden and the Upper Cretace- 
ous Rocks in the south-east of England. They consist largely 
of glauconitic sands of undoubted marine origin, together 
with marine clays, and beds of chert, which are largely 
composed of sponge spicules. Whether regarded from a 
physical or from a biological point of view, these strata mus£ 
;^VG taken a long time to form. But in the absence of 
estimates, I shall be content to assume that they 
formed at the rate of 1 foot in 3000 years. This, at a 
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pantirel J n^d. Bst the importaat bet seens to have been 
overlooked that the Jraaane limestooea do not oocor as great 
■pataarting miwei which end off all roiuid with great abrnpt- 
ncaa, bol^ ob the oootraiy, they an distinctly well-straiiGed 
depoala, ihowing ereir ngn of bavii^ been laid down upon 
the •ea-bottom in preeiaely the same manner as the majority 
of other limestones; and, like these, are remarkably persistent 
orer targe areas. Coials occnr in them io abundance ; bat 
there is an important difference between a Utneatone full of 
corals and a coral-reef. It may well be doubted nbethei 
the reef-building habit amongst corals can be traced back in 
time farther than the Pliocene Period at the farthest 

Taking the Jurassic-Weslden series as a whole (and 
including the marine Wealden of the south of France), more 
than one-third of the entire thickness (or 20()0 feet) consiau 
of limeston& AssuroiDg^ as before, thai each foot of this 
marine limestone took 25,000 years to form, the time required 
for this alone amounts to 50,000,000 years. We have to add 
to that the time required for the marine clays (which may be 
regarded as constituting another 2000 feet), 1 foot in 3000 
years, to put it at the highest rate, another 6,000.000 years. 
To these add the time required for the formation of 1700 feet 
of sandstones. These Jurassic Sandstones I should be disposed 
to regard as having been formed at the rate of 1 foot in 2000 
years, which makes an additional 3,400,000 years. This, in 
all, makes the period required for the evolution of the many 
successive changes of animal and plant life, which are so 
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Conspicuous a feature in the geology of the Jurassic-Wealden 
period, 59.400,000 years. 

The New Red Rocks (Dyas and Trias). — At several localitiea 
in Britain, as is well known, a considerable thickness of rock, 
formed mainly under desert conditions, underlies the Jurassic 
Itocks proper. Their upper limit is marked by the (Marine) 
Khietic Kocks, which contain a very well-defined fauna, and 
which graduate upward into the base of the Jurassic Rocks. 
Their lower limits are extremely variable — perhaps on account 
of their having been formed under terrestrial conditions — 
perhaps partly on account of more-than-usually-local flexureB 
of the subjacent surface arising tlirougb differential subsi- 
dence. The aggi-egate maximum thickness may be fully 
4000 feet; yet the higher members overlap in succession 
every one of the lower in one part or the other of Britain. 
Wherever the series exists, it is practically one conformable 
series from the top to the bottom. On the other hand, the 
base lies in one part or another with a violent unconformity 
upon every rock older than itself. 

Low down in the series occurs, in places, a band of 
Magnesian Limestone, whose fossils, and especially the 
Invertebrata, show a certain affinity with those of the 
Carbon iferons. This affinity, however, is by no means aa 
close as was believed up to a few years ago, as many fossils 
supposed to have come from the Dyas really came from 
stained rocks of Carboniferous age. The fossils of the 
Magnesian Limestone, whatever their affinities may be, ate 
sufficiently marked in character to enable one to trace the 
English Magnesian Limestone, by the aid of its fossil 
contents, far to the east of the British Tsles, On the Con- 
tinent, therefore, we can trace the upper limit of the New Hed 
by means of the Ith.-ctic strata into central Europe, and we 
can follow the Magnesian Limestone by the same clue 
almost as far. Important changes in the nature of the 
beds between these two platforms set in; and in place of 
a series of desert-formed rocks we find, in the Tyrol, thick 
masses of Marine Limestone. I have before suggested that 
ffe should employ as far as possible a uniform system ia 
comparing strata of different ages, and should take every- 
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where as oar Lype-deposit a marine limestone, and name the 
rocks in question from the locality where the marine cal- 
careous type is best seen and most fully developed. 1 
propose, therefore, that we should employ the name 
Ttkolias for the Trias, just as we use Dbvonian as 
the type form of the strata that were deposited while the 
Old Ked Sandstone was being laid down. I should like to 
go further in this same direction. The Lower New Red 
(Dyaa, or so-called " I'ermian ") also takes on a marine fades 
in the Alediterranean region, being represented there by a 
considerable thickness of marine limestone, which in Sicily, 
near Palermo — the Patwrvms of the ancients — has yielded 
a most interesting and extensive set of fossils, including 
many Ammonites. 1 would suggest that the name PxMOit- 
UI&N might fittingly be applied to this, the type-deposit 
of the same age as the Lower New Red, Dyas, or " Permian." 
So far as we are concerned in the present inquiry, the chief 
point of interest and importance is that the New Red Series 
is represented on tbe Continent by a thick series of marine 
limestones (the Tytolian and Panormian Rocks), which fill 
up the later part of the vast chronological hiatus between the 
Carhonil'erous Rocks and those of Jurassic age. The abund- 
ance and variety of Ammonites in tbe Panormian, shows 
ihat we are dealing with the upper part of the intermediate 
series; but as there is just a possibility that the Panormian 
Rocks may represent not ouly our own Lower New Red or 
Dyas, but also represent iti time part of the gap to be 
presently referred to, I propose for tbe present purpose to 
leave it out of account, and to compute the time with 
reference only to the marine limestone of the Kha;tic and 
Tyrolian series. These are said to be " several thousands of 
feet" in thickness; but beyond this vague estimate there 
appears to be well-authenticated measurements of more than 
3500 feet of marine limestone, largely made up of marine 
lime-secreting alg<e. Taking the same figures as before, 
3500 feet of limestone at 1 foot in 25,000 years, gives us 
87,000,000 years. Again would I remind the reader of the 
enormous biological changes which took place in the interval 
— the development of the Anomodont reptiles from the 
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Amphibia, the evolution of the Ammonites, in short, the 
incoming of the new order of life, which is so marked a 
feature of the palaaontology of these rocks, and which has led 
systematiata to make the great dividing line between the 
DeuteroKoic Rocks and those of Neozoic age coincide with 
the baae of our New Ited. 

It is, of course, obvioua that whatever time was required 
for the formation of Tyrolian Eocka, the same time muat 
be required also for their British equivalents, the thin marine 
Khsetic Rocks and the 2000 feet of desert rocks which form the 
Upper New lied or Trias. Regarding the Panormian and its 
British equivalent, the Lower New Red or Hyas, I can offer 
DO estimate; but as the sandstones of the Lower New Red 
were evidently formed under the same conditions as those of 
the Upper, we have to add on some unknown figure to the 
above. This, in the present state of our knowledge, we may 
here leave out. 

Unconformity below the New Red in Britain. — There csan 
be no reasonable doubt that the base of the Upper New 
Red in Britain ia contemporaneous with the base of the 
Upper New Red — and therefore of the Tyrolian— on the 
Continent. "We have next to consider the relation of thia 
base to the older rocks in Britain. Briefly, it may he stated 
to be one of considerable and extensive unconformity. Not 
only were the older rocks folded, contorted, and faulted, but 
they were afterwards subjected to enormous denudation. 
This certainly happened in the interval following the close 
of the Upper Carboniferous Period, and preceded the deposi- 
tion of the New Red itaelf. In the Bristol area the Upper 
New Red oversteps the denuded edges of the faulted and 
highly-disturbed rocka of Carboniferous age, as well as the 
whole of the Upper Old Red. There can be no question in 
this caae of either non-deposition or of contemporaneous 
upheaval and denudation, as the Carboniferous strata i 
repeated on either limb of several anticlinala, and their strike 
is perfectly independent of tliat of the New Red. In thia 
case, therefore, we have clear evidence of the removal by 
denudation of 15,000 feet of strata after the formation of the 
Upper Carboniferous liocks, and before the deposition of the 
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Upper Xew Red. The evidence afforded by the Biistol 
area does not stand abne in this respect, but is abondaoU; 
confirmed by the relation of these rocks to each other is 
many different areas. 

More than that, in Devonshire the New JEEed Bocks ovei- 
Btep not the whole of the Carboniferous, but most, if not the 
whole, of the Devonian Rocks as welL Possibly this latter 
feature may he attributable to an unconformity between the 
Upper Old Red and the Devonian Rocks, similar to that in 
Ireland between the Upper Old Red and the Gleogariff Grits, 
and in Scotland between the Upper Old Red and all the 
rocks older than itself, including the Orcadian Old Red and 
the Caledonian Old Red. 

If we assume that this unconformity in the Bristol area repre- 
sents the removal of 15,000 feet of strata at the rate of 1 foot 
in 3000 years, that adds 45,000,000 years to our chronology. 
Time, reqidred /or !/ie Fornuifion o/the Carboniferous MotkA 
— Speaking in very general terms, the Carboniferous Rocks of 
England and Wales may be said to be divisible into two 
sections — Upper Carboniferous, which in Britain is certainly 
a terrigenous deposit, formed at no great distance from the 
land, probably as part of a delta ; and Lower Carboniferous, 
which in England, Wales, and Ireland, is certainly in the 
main a manne deposit formed in moderately deep water in 
the southern parts of the kingdom, and in shallower water 
in Scotland. In some districts where fossils have not yet 
given the clue, there exists a little uncertainty as to where 
the dividing-line between the Upper and the Lower division 
should be drawn. In other districts, both physical and 
palceontological evidence point to the existence of an uncon- 
formity between them, as there is a very marked discrepancy 
between the vertebrate fauniB of the two divisions,' and the 
discrepancy between the fossil floras is not less pronounced.' 
For the present purpose, it will suffice to regard the rocks of 
the Severn basin as fairly typical of the whole series, and to 
base our estimates upon the facts we can glean from a study 

^ I Traquair, Proc, Roj. SiK. Eiijii., vol. iviii. (18S0), p. S87 ; Qeol. Mu^^ 

^^ Die. i., pp. lIS-121. ^^H 
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of the Carboniferoua Rocks of that part. In the area referred 
to, the Upper Carboniferous Kocks (including under that 
term, for the present purpose, all the rocks from the 
highest remaining Coal-Measures to the top bed of the 
Carboniferous Limestone) are estimated to be fully 12,000 
feet in thickness. These consist of alternate beds of sand- 
fltone, shale, fireclay, and coal. In dealing with these strata, 
we are forced to confess that we have not, and probably may 
not obtain yet for many years, any reliable estimate of the 
several rates at which delta deposits are at present being 
laid down. The most that can be done in the present state of 
our knowledge is to form an estiniate from the " Challenger " 
maps of the ratio between the superficial area occupied by 
the purely terrigenous deposits now in process of formation, 
to compare this area with the area of the land whence 
drainage finds its way seaward, and then on this basis com- 
pute the proportion between the area of deposit and the 
proportion of material mechanically carried seaward by rivers, 
In the case of lirae-salta, a question of this kind is simplified 
by the fact that, owing to rapid diffusion of matter carried in 
solution, especially lime-salts, an excess of these poured into 
the ocean by the rivers of one area is rapidly equalised by 
diffusion over the entire ocean area. An average rate, com- 
puted from observation made upon several rivers in different 
parts of the globe, therefore holds good for the whole. With 
terrigenous deposits the case is widely different. No diffu- 
sion worth considering appears to take place. On the 
contrary, each river has its own rate of deposit, which again, 
unlike the rate of diffusion of solutions, may be very different 
now from what it was at the same spot in former times, 
when different conditions obtained. Further, the matter is 
complicated by oscillations of level of the land, and by the 
fact that, unlike calcareous deposits of marine origin, marine 
terrigenous deposits tend to be more or less lenticular in form. 
A rough estimate, however, based upon a comparison of 
ocean -drain age areas to the area of the terrigeuous deposits 
in each case (the volume being yet unknown), gives us the 
following : — In the Indo-Chinese area the superRcial area of 
the terrigenous deposits is to the drainage area about as 
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two-thii-ds to one. In the Eurasian Atlantic drainage area 
the extent of the terrigenous deposits is to that of the 
oceanic drainage area also as two-thirds to one. On the 
other hand, the North American Atlantic drainage area gives 
rise to a much smaller fringe of terrigenous deposits, which 
fomi certainly less than half the area from which their 
materials are derived. In the South American AtlauUo 
drain^e area the terrigenous deposits occupy not more than 
one-third of the area of the land. In this case, as in the 
case of Africa, the proportion appears to be smaller than it 
really is, because tlie terrigenous deposits fall rapidly into 
deep water, and their superficial extent is therefore less in 
proportion to the thickness than it might otherwise be. As 
pointed out above, we can have no definite estimates of the 
rat« of formation of delta deposits (not, at any rate, in terms 
of feut per century) until we know the amount and nature of 
the material transported, the rate of subsideuce, and tho 
strength and direction of the marine currents outside the 
delta. What we require to know is not so much the ana 
alone which is formed in a given delta iu a given time, as the 
thickness which is deposited in that time. 

Dr .John Murray's figures and maps give us as the total 
area of ocean drainage 44,211,050 square miles, and 
27,899,300 square miles as the approximate area of terri- 
genous deposits. This is in the proportion of rather more 
than one and a half of drainage area, or area of denudation, to 
one of the ocean area over which terrigenous deposits are 
being laid down. This would seem at first sight to imply 
that the deposition of strata goes on half as fast again as 
denudation, and that a foot and a half of strata is laid down 
upon the sea-bed in the same time that is required to strip one 
foot of rock from the general surfcice of the land. That this is 
far from being the case will be evident when we consider 
that a large part of the sand and loam transported seawards 
from the land finds a resting-place close to the land itself. 
It is readily conceivable that loam (which is a mixture of 
fine sand with a small percentile of clay) should be laid 
down at the rate, say, of I foot in 2000 years. The liner clay, 
however, drifts far and wide before it subsides, and we should 
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probably not greatly err in estimating the rate of Tormation 
of the clays and shales of the Upper Carboniferous Bocks if 
we set tliat rate at 1 foot in 3000 years. Now, the Upper 
Carboniferous Rocks of the South Wales Coal-field are said 
to be 14,000 feet in thickness. Of these, about half the thick- 
ness may be set down aSBandstones, and the remainder of clays 
of one kind or another, together with coal-seams. Seven thou- 
sand feet of sandstone, if formed at the rate of 1 foot in 1500 
years, give us 10,500,000 years; while 7000 feet of clays, at 
1 foot in 3000 years, give an additional 21,000,000. To this 
we have to add the time required for the formation of the 
105 feet of coal, which is said to be the aggregate thickness 
found in the Upper Carbouiferous Rocks around Manchester. 
In regard to these one may remark, it may be possible to 
" burry up " in estimating the rate at which sandstones and 
a few other deposits have been formed, but when we are 
asked to do this in connection with either limestones or 
coals, the case appears to me to be very different. One has 
to remember that all vegetation derives its fixed carbon 
from the atmosphere alone, and that it does this under the 
combined influence of solar energy and its own vital force. 
The proportion of carbon-dioxide at present existing in the 
atmosphere is very small, ranging from an average of '04 % 
to a maximum of '10 %. A lai'ger percentage than this 
latter is said to be detrimental, rather than conducive, to the 
growth of vegetable life. The supply of carbon-dioxide, 
which balances the demand made by the formation of 
limestones (in every cubic foot of which 10,000 cubic feet 
of carbon-dioxide are locked up) and of coals (of which 
carbon constitutes from GO to 90 ^), is met partly by the 
products of animal respiration, partly by the products of 
the decomposition of organisms, both vegetable and animal, 
but mainly from exhalations from volcanic sources. In the 
formation of eruptive rocks, a large quantity of carbonates 
of lime and other bases must be constantly passing back 
into their initial stage, that of combination in the various 
silicates. In this process carbon-dioxide is now, as it 
must always have been, liberated in considerable volumes. 
Bischoff estimates that 1,855,000,000 cubic feet of this 
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gas rise annually from the vicinity of the lake of I^aacli 
alone, and it is almost certain that quantities equall^r 
large are given off from many other volcanic areas, both 
active and quiescent, elsewhere. This is mentioned here as 
an answer to one objection which has been often advanced 
against basing an estimate of the Ag/& of the Earth upon the 
rate of denudation now taking place ; the ground upon 
which the objection was founded being that the quantity of 
carbon now locked up in our coals and limestones most 
formerly have existed in the atmosphere over and above the 
percentage which is now present. This excess (if present) 
would, as lias been very rightly pointed out, most materially 
accelerate at least the chemical disintegration of rocks, and 
thereby indirectly increase also the rate of deposit. But for 
the reasons given here and above, I agree with those who 
think that we are not justified in assuming the existence of 
any sucb excess above the percentage just given, if., an 
average of '04 %, ranging to a maximum of -10 °/^. 

Many coal-seams are known to consist largely of spores 
and spore-cases of Lepidodendroid origin — the actual plants 
themselves constituting but a small percentage of the mass. 
This is not the place to enter into a discussion of the precise 
conditions under which the majority of coal-seams were 
formed,^ but on any view of their origin this fact is one of 
the many that points to their extremely slow growth. Mr 
Kidston, in his Address to this Society in 1894, has shown 
as in the clearest possible manner that it is very far from 
being the truth that the same species of plants existed all 
through the Carboniferous Period, and tlierefore gave rise to 
the various coal-seams that occur from the middle of the 
Lower Carboniferous Kocks up to the highest coal-bearing 
horizon. There was, on tbo contrary, a gradual replacement 
of one species by another, which, as the physical conditions 
remained the same throughout all the subdivisions of the 
periods when coal-seams were being formed, points in the 
most unmistakable manner to the lapse of enormous intervals 
of time. What the actual time required for the formation 
I "Some of til e UoJes of Formalion of Coal -Scams," J. G. Gooilchild, 
Proceedings KojbI I'hysiciil Society, vol. z,, p. 97. 
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of a foot of coal may be has been variously estimated — no 
two persons agreeing even approximately. Professor Huxley 
("Formation of Coal," Contemporary Review, 1870, p, 627) 
suggests a possibility of it being about 1 foot in 500 years. 
Bousaiiigault estimates (Smithsonian Report for 1857, p. 138) 
that luxuriant vegetation at the present day takes from 
the atmosphere about half a ton of carbon per acre annually, 
or 50 tons carbon in 100 years. Fifty tons of carbon of 
the specific gravity of coal (about rS) spread over an acre 
would make a layer about \ inch (1 inch in 300 years, 1 foot 
in 3600 years). Professor Phillips " Life on the Earth," 
p. 133, calculating from the amount of carbon taken from the 
atmosphere, aa determined by Liebig, considers that if it 
were converted into coal, with about 75 ^ of carbon, it 
would yield 1 inch in 1275 years, or 1 foot in 1530 years. 
Humboldt's estimate is 1 foot in 1800 years. C'roll estimates 

tat 1 foot in IGOO years. 
These figures are given on the assumption that coal is 
purely subaerial deposit. In studying the mode of 
airrence of coal-seams in the field, I have, however, come 
to the conclusion that a fairly large percentage of coal-seams 
of Lower Carboniferous age represent the mean term of 
a aeries of rocks which have marine shale at one end and 
marine limestone at the other, I should infer from these 
facts that the rate of formation of the coals in question 
was intermediate in age as the seams are intermediate in 
geological position — between that of finely laminated marine 
clays on the one hand and marine limestones on the other. 
These Lower Carboniferous coals of submarine origin are 
marvellously persistent in both lithological character and 
geographical extent, and I fail to see any reason why they 
should not be fair representatives of the great majority of 
coal-seams of aU other ages. 

Whether many will agree with me or not in these con- 
clusions is not very material, but the facts as they appear to 
me warrant us in assuming that the rate of growth of coal- 
seams went on at the rate of somewhere between 1 foot in 
3000 years and 1 foot in 6000. If we take the rate at 
the lower of the two estimates, 105 feet of coal, which is 



.Ml 



1 



Upper I 



290 Proceedijigs of the Royal Physical Society. 

the aggregate thickness of the coal-seams in the 
Carboniferoua Rocka near Manchester, gives us 315,000 yean. 
This takes no account of any intermittent action during the 
formation of these coals, nor does it take into account the 
fact that north of Yorkshire all the Upper Carboniferous 
Coals belong chiefly to the Millstone Grit, or at the very 
highest to the Lower Coal-Measures of the Manchester and 
Bristol section. An additional 40 feet of coal would there- 
fore need to be taken into account. 

Recapitulating these figures, we have — time required 
for the formation of 7000 feet of sandstone, at 1 foot 
in 1500 years, 10,500,000 

7000 feet of argillaceous beds, at 1 foot in 

3000 years 21,000,000 

105 feet of coal, at 1 foot in 3000 years, . . 315,000 



I 



Total, Upper Carboniferous, 31,815,000 

Possiile Unamformitff at the Base of the Upper Carhoniftrout 
Pocks. — When I joined the Geological Survey in 1867, the 
present Woodwardian Professor (then Mr T. M'K. Hughes) in- 
structed me, while mapping the Carboniferous Rocks of north- 
west Yorkshire, to keep a look-out for evidence of uncon- 
formity at the base of the Millstone Grit, i.e., at the base of 
the Upper Carboniferous Rocks. After a few years field-work 
at these rocks, evidence began to be apparent; and I am now 
convinced that, in the dales of north-west Yorkshire, and in 
the area extending thence towards Craven, the lugleboro Grit 
(the bottom bed of the Upper Carboniferous Rocks) does he 
across, or overstep, the higher beds of the Yoredale Rocks, 
wliich form the uppermost member of the Lower Carboniferous 
Rocks. Many facts, which seem to me otherwise difficult 
of explanation, are easily accounted for on the supposition 
that this unconformity extends over a wider area stilL 
Palieontological evidence is not wanting in confirmation of 
this view. Dr Traquair has repeatedly emphasised the fact 
that the fish fauna of the Upper Carboniferous Rocks has 
hardly any species in common with that occurring iu the Lower 
Carboniferous. This becomes a striking and aignificont bet 
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(ben it is realised that the physical conditions under which 

»t of the Lower Carboniferous Eocka of Scotland were 
formed were identical with those under which the Upper 
Carboniferous Rocks of the same part of the British Islea 
were accumulated. Mr Kobert Kidston is equally emphatic 
upon this point in regard to the plants,' We cannot leave 
this unconformitj out of account, and yet there are no means 
of forming even an approximate estimate of its duration. 

Lower Carboniferous Rocks. — In dealing with these, I shall 
adhere, as before, to the plan of estimating the time by that 
required for the deposition of the maximum thickness of 
marine limestone found during the period — partly because 
we should, 1 think, take the marine limestones of each 
period on the typical or standard deposit ; partly because 
we may safely assume that when we are dealing with marine 
deposits of organico-chemical origin like these, the rate of 
growth must have been the same (or nearly the same) in the 
case of at least all the limestonea that have been formed 
from those of the Cambrian Period down to the Foraminiferal 
ooze of to-day. 

The Lower Carboniferous Rocks of the Bristol and other 
areas consist of 2500 feet of marine limestone. This, at the 
rate of 1 foot in 25,000 years, would require 62,500,000 
years. 

Omitting any reference to the Lower Limestone Shales— 
which may be represented in Edinburgh by the greater part 
of the 2000 feet of the red and green beds below the volcanic 
tocks of Arthur's Seat, we have as a grand total for the 
Carboniferous Period, Upper and Lower, 94,315,000 years. 

It has to he borne in mind that the top of the Coal- 
Measures is probably not left anywhere in Britain. Possibly 
it m^iy be represented on the Continent by some of the beds 
called Permian in Bi>hemia. 

l/pper Old Eed.^In places the Lower Carboniferous Rocks 
graduate downward into the true Upper Old Red — the Lower 
Limestone Shales forming the passage beds from the one to 

f other. This is the case, for instance, near Sedbergh in 
Jm the TiM-Pnridmtial Address before tlio R«yal Fbj>k&l Sociel; 
04. 
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Yorkshire, near Bristol, at various localities io Irekud, at 
CopoLli (" Cockburnspath ") on the Berwickshire coast, aod, 
lastly, ill the city of Edinburgh. In other places it appesn 
to me that there is evidence of a certain amount of uncon- 
formity between the two formations — not on palaiODtological 
grounds alone, but also on physical The Lower Carboniferous 
Itocks of Oumberland, for example, of East Fife, probably also 
of the Pentlanda, appear to me to lie trangressively across the 
denuded ends of the older rocks, including the Upper Old 
Sed, in a manner suggestive of something more than contem- 
poraneous erosion. Messrs Lapworth and Watts (" Geology 
of South Shropshire," p. 331) refer to facts of much the same 
kind in that district. Although the unconformity may not 
appear to be great, it certainly coincides with the final dis- 
appearance of the very remarkable groups of &shes which 
characterise the Old Red, Personally, 1 doubt whether the 
geographical change from that of desert conditions and iuiand 
lakes to marine conditions affords altogether a satisfactory 
explanation of the phenomena. Lapse of time is a factor of 
equal importance, and all the evidence to the contrary in 
this particular case has completely broken down with 
advance of knowledge. 

From the Upper Old P.ed Sandstone, petrographically con- 
sidered, we can draw no conclusions of any value respecting 
the time implied in the formation of these rocks. But the 
researches of Dr Traqnair have made known to us the fact 
that palieontological zones exist in the Upper Old Bed as 
in other formations.' It is difficult to see how this could 
arise unless the formation of the rocks in question occupied 
a very long time. 

In the absence of definite data, I am reluctantly com- 
pelled to omit this irom the calculation. But, as will 
be seen presently, the marine Devonian of the Continent 
is probably contemporaneous with not only the lower parts 
of the Old Red series, but with the Upper Old Red as well, 
so that we shall count it in another connection. 

> " Bztinct TerUbrate of the Mora; Firth Area," io HRrtrie- Brown ind 
Backley'i "Vertcbrmts Faaiu of the Hon; Bwin," toL if. Bdinburgli, 

ises. 
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XXnconformily at the Base of the VpptT Old Erd. — In the 
Englisli Lake District the Upper Old Ked lies across, or 
oversteps, the ends of strata fully as much as five miles in 
thickness," In Scotland it lies unconformably across all the 
strata older than itself. At the Old Man of Hoy, for example, 
the Upper Old Ked forming the '■ Old Man " lies in a nearly 
horizontal position on the ends of beds very high up in the 
Orcadians, which are tilted, Dr Ileddle tells me, at angles of 
30° to 35°. Within a short distance the same Upper Old 
Red oversteps fully 7000 feet of the Orcadian Rocks there. 
I very strongly suspect, as already hinted above when dis- 
cussing the New Ked, that this same unconformity of the 
Upper Old Ked upon the older rocks will be found, on closer 
examination, to extend into the areas occupied by the 
Devonian Rocks of Cornwall and Devon as well. In Scot- 
land, aa already noticed, it lies across not only the Orcadians, 
but across every member of the Caledonian OM Ked in Perth 
and Forfar, and also in the Fentlamis. In Ireland the same 
striking fact has been described by many observers. For 
reasons given below, however, I am disposed to leave this 
unconformity out of account. 

Orcadian Old Eed.—H'he Old Red Sandstone rocks of the 
Moray Firfch, Caithness, Orkney, Shetland, and some other 
areas in the north-east of Scotland, are regarded by Sir 
Archibald Geikie as Iiaving been laid down in a different 
basin of deposit from those south of the Grampians. He baa 
propoaed for this basin the name of I^^ake Orcadie, a name 
which haa suggested to other geologists the very suitable 
adjective Orcadian, which of late years has been much used 
iu referring to these rocks. The Orcadians consist of a vast 
thickness, possibly many thousands of feet, of strata, which 
in the main have evidently been very quietly and slowly laid 
down in an area of inland draini^je. Dr Traquair's resenrcht'a 
upon the fish fauna render it certain that the formation 
of these rocks must have occupied a very long interval 
of time. To the consideration of this formation we shall 
return presently. It will suffice to repeat the statement here, 

■ Silurian Rocha, 14,000 Iset; Cooiaton Uaiestonp and B'jrrwlala VolMnia 
Seriest. ia.000; Sludda SUt™, 12,000 + . 
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that where it is covered by the Upper Old Red the relalion- 
ship between the two is that of a strong unconformability, 

Caledonian Old Red. — To the south of the Grampians, and 
perhaps also to the west, occurs another area of Old Red of 
conaideraWe interest and importance. These rocka are in 
the main also of inland lake origin, and they include as well 
an important j,TOup of eruptive rocks. Sir Archibald Geikie, 
in his important memoir "On the Old Red Sandstone of 
Western Europe " above referred to, regards the greater part 
of these as having been deposited in a lake separate bom 
Lake Orcadie, and for which he has proposed the name Lake 
Caledonia. I have found it very convenient, in describing 
these rocks, to convert this name into an adjective, and to 
speak of the rocks in question as the Caledonian Old Red, 
The precise stratigraphical relations of the Caledonian Old 
Red to the Orcadian cannot be made out by field-evidence 
alone. But the fish fauna of the Caledonian Old Red. Dt 
Traquair informs ua, is of a decidedly older type than that of 
the Orcadian — and this appears to be the case even where 
fish from strata high up in the Caledonians are compared 
with the fish from the lower horizon of the Orcadians, as if 
the Orcadians, as a whole, were newer than the Caledonian 
Old Red. In the present connection this question is one of 
considerable importance, for if the two are of different ages, 
it is quite clear that one must have been formed before the 
other, and we have to take the sum total of the time required 
for the formation of both. 

Lanarkian Old Bed. — In the Pentland area the Upper 
Old Red lies with a strong unconformity across the Cale- 
donian Old Red Rocks, which form the mass of the Fentlands, 
while these, in their turn, lie with a violent unconformity 
upon yet another series of Red Sandstones, whose close con- 
nection with the true Silurian rocks was clearly pointed out 
by Sir Archibald Geikie as far back as 1860 (Quart. Jour. 
Qeol. Soc., xvi., p. 312). The interrelations of the three Old 
Reds in the Pentland area are admirably summed up by the 
same author in " Siluria," 4th ed. (1867), p. 250, in these 
words: "It thus appears that, between the Grampians and 
the Cheviot Hills, what has been cnlled ' Old Bed Sandstone ' 
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consists of three zones — a Lower, graduating down into tha 
Upper Silurian shales ; a Middle, bounded both above and 
below ty an unconformable junction; and an Upper, which 
shades up into the Carboniferous Rocks." This relationship 
is most clearly and accurately shown upon the " Horizontal " 
Section of the "Geological Survey of Scotland," Sheet 3, 
of which Sir Roderick Murcbison gives a condensed diagram- 
Bection in " Siluria," 4th ed., p. 249. 

Chronological Vahu of the Old Sed Unconfomiities. — It 
appears to me that the complicated relationships existing 
between these several groups of strata do not warrant us in 
assuming, in this case at auy rate, that we should be right in 
adding on to the time required for the actual formation of 
each subdivision of the Old Red other intervals of time which 
the unconformities would seem to imply. We are quita 
justified in taking it for granted that Sir Archibald Geikie's 
su^ostions upon this point offer us a satisfactory explanation 
of some of the chief difficulties. According to this view, 
deposition and upheaval went on simultaneously in closely 
adjacent areas, so that older rocks were folded upward, and 
underwent denudation along one zone of the surface; while 
along a parallel zone, not many miles away, a downward 
phase of the terrestrial undulations gave rise to the condi- 
tions suitable for deposition. I have endeavoured to show 
elsewhere ' that this was probably also the case in later 
Ordovician times in the north-west of England, where at one 
part there appears to be a perfectly unbroken succession from 
Lower Ordovician into Upper, while along another zone rocks 
of Bala age were deposited upon the upturned edges of the 
Lower Skidda Slates (? Upper Cambrian). 

In the case of the unconformities connected with the 
various Old Reds, it appears to me that the facts warrant 
Qs in going further than this, and in assuming that the 
undulations to which Sir Archibald refers were not simple 
up-and-down movements confined to particular localities, 
but that they actually progressed in course of ages from 
we part to auolher. Early in the Silurian Period, according 
"On tho SlrKli8r.it>hii:al Hclalions of Ihe SkidJa Slates," i'roc. Geo), 
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the aggregate thickness of the coal-seams ia the Upper 
Carboniferous Rocks near Manchester, gives us 315,000 years. 
Tliis takes do account of any intermittent action during the 
formation of these coals, nor does it take into account the 
fact that north of Yorkshire all the Upper Carboniferoos 
Coals belong chiefly to the Millstone Grit, or at the very 
highest to the Lower Coal-Measures of the Manchester and 
Bristol section. An additional 40 feet of coal would there- 
fore need to be taken into account. 

Recapitulating these figures, we have — time required 
for the formation of 7000 feet of sandstone, at 1 foot 
in 1500 years 10,500,000 

7000 feet of argillaceous beds, at 1 foot in 

3000 years 21,000.000 

105 feet of coal, at 1 foot in 3000 years, . 316.000 



Total, Upper Carboniferous, 31,815,000 

Possible UnconforwHy at Ike Base of the Upper Carboniferous 
Rocks. — When I joined the Geological Survey in 1867, the 
present Woodwardian Professor {then Mr T. M'K. Hughes) in- 
structed me, while mapping the Carlioniferous Rocks of north- 
west Yorkshire, to keep a look-out for evidence of uncon- 
formity at the base of the Millstone Grit, i.e., at the base of 
the Upper Carboniferous Rocks. After a few years field-work 
at these rocks, evidence began to be apparent ; and I am now 
convinced that, in the dales of north-west Yorkshire, and in 
the area extending theuce towards Craven, the Ingleboro Grit 
(the bottom bed of the Upper Carboniferous Rocks) does lie 
across, or overstep, the higher beds of the Yoredale Rocks, 
which form the uppermost member of the Lower Carboniferous 
Rocks. Many facts, which seem to me otherwise difficult 
of explanation, are easily accounted for on the supposition 
that this unconformity extends over a wider area sttll. 
Palffiontological evidence is not wanting in confirmation of 
this view. Dr Ti-aquair has repeatedly emphasised the fact 
that the fish fauna of the Upper Carboniferous Rocks has 
hai'dly any species in common with that occurring in the Lower 
Carboniferous. This becomes a striking and significant fact 
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when it is realised that the physical conditions under which 
most of the Lower Carboniferous Eocks of Scotland were 
formed were identical with those under which the Upper 
Carboniferous Rocks of the same part of the Uritish Isles 
were accumulated. Mr Robert Kidston is equally emphatic 
upon this point in regard to tho plants.^ We cannot leave 
this unconformity out of account, and yet there are no means 
of forming even an approximate estimate of its duration. 

Lower Carhonifercms Rocks. — In dealing with these, I shall 
adhere, as before, to the plan of estimating the time by that 
required for the deposition of the maximum thickness of 
marine limestone found during the period — partly because 
we should, I think, take the marine limestones of each 
period on the typical or standard deposit; partly because 
we may safely assume that when we are dealing with marine 
deposits of organico-chemical origin like these, the rate of 
growth must have been the same (or nearly the same) in the 
case of at least all the limestones that have been formed 
from those of the Cambrian Period down to the Foraminiferal 
ooze of to-day. 

The Lower Carboniferous Rocks of the Bristol and other 
areas consist of 2500 feet of marine limestone. This, at the 
rate of 1 foot in 25,000 years, would require 62,500,000 
years. 

Omitting any reference to the Lower Limestone Shjdea — 
which may be represented in Edinbui^'h by the greater part 
of the 2000 feet of the red and green beds below the volcanic 
rocks of Arthur's Seat, we have as a grand total for the 
Carboniferous Period, Upper and Lower, 94,315,000 years. 

It has to be borne in mind that the top of the Coal- 
Measures is probably not left anywhere in Britain, Possibly 
it may be represented on the Continent by some of the beds 
called Permian in Bohemia, 

Upper Old Red.^ln places the Lower Carboniferous Kocka 
graduate downward into the true Upper Old Red — the Lower 
Limestone Shales forming the passage beds from the one to 
other. This is the case, for instance, near Sedbergh 
8m the yice-Pntidrotial Address Iwfure ths Royal Phyiioal 
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the aggregate thickness of the coal-seams in the Upper 
Carbonirerous Rocks near Manchester, gives us 315,000 yeaia. 
This takes no account of any intermittent action dnriog the 
formation of these coals, uor does it take into accouut the 
fact that north of Yorkshire all the Upper Carboniferous 
Coala belong chiefly to the Millstone Grit, or at the very 
highest to the Lower Coal-Measures of the Manchester and 
Bristol section. An additional 40 feet of coal would there- 
fore need to be taken into account 

Recapitulating these figures, we have — time required 
for the formation of 7000 feet of sandstone, at 1 foot 
in 1500 years 10,500,000 

7000 feet of argillaceous beds, at 1 foot in 

3000 years, 21,000,000 

105 feet of coal, at 1 foot in 3OO0 years, . . 315,000 



Total, Upper Carboniferous, 31,815,000 

Possible UTiconformily at the Base of the Upper Carhonifcroua 
Rocks. — When I joined the Geological Survey in 1867, the 
present Woodwardian Professor (then Mr T. M'K. Hughes) in- 
structed me, while mapping the Carboniferous Rocks of north- 
west Yorkshire, to keep a look-out for evidence of uncon- 
formity at the base of the Millstone Grit, i.e., at the base of 
the Upper Carboniferous Rocks. After a few years field-work 
at these rocks, evidence began to be apparent ; and I am now 
convinced that, in the dales of north-west Yorkshire, and in 
the area extending thence towards Craven, the Ingleboro Grit 
(the bottom bed of the Upper Carboniferous Rocks) does lie 
across, or overstep, the higher beds of the Yoredale Kecks, 
which form the uppermost member of the Lower Carboniferous 
Rocks. Many facts, which seem to me otherwise difhcult 
of explanation, are easily accounted for on the supposition 
that this unconformity extends over a wider area still 
Palteontological evidence is not wanting in confirmation of 
this view. Dr Traquair has repeatedly emphasised the fact 
that the fish fauna of the Upper Carboniferous Rocks has 
hardly any species in common witli that occurring in the Lower 
Carboniferous. This becomes a striking and significant fact 
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when it is realised that the physical conditions under which 
most of the Lower Carboniferous Rocks of Scotland were 
formed were identical with those under which the Upper 
Carboniferoua Eocka of the same part of the Britiah Isles 
were accumulated. Mr Robert Kidaton is equally emphatic 
upon this point in regard to the plants,' We cannot leave 
this unconformity out of account, and yet there are no meana 
of forming even an approximate estimate of its duration, 

LoioeT Carboni/erotis Socks.— In dealing with these, I shall 
adhere, as before, to the plan of estimating the time by that 
reqnired for the deposition of the maximum thickness of 
marine limestone found during the period — partly because 
we should, I think, take the marine limestones of each 
period on the typical or standard deposit ; partly because 
we may safely assume that when we are dealing with marine 
deposits of organico-chemical origin like these, the rate of 
growth must have been the same (or nearly the same) in the 
case of at least all the limestones that have been formed 
from those of the Cambrian Period down to the Foraminiferal 
ooze of to-day. 

The Lower Carboniferous Rocks of the Bristol and other 
areas consist of 2500 feet of marine limestone. This, at the 
rate of 1 foot in 25,000 years, would require 62,500,000 
years. 

Omitting any reference to the Lower Limestone Shides — 
which may be represented in Edinhnrgh by the greater part 
of the 2000 feet of the red and green beds below the volcanic 
rocks of Arthur's Seat, we have as a grand total for the 
Carboniferous Period, Upper and Lower, 94,315,000 years. 

It has to he borne in mind that the top of the Coal- 
Measures is probably not left anywhere in Britain. Possibly 
it mny be represented on the Continent by some of the beda 
called Permian in Bohemia. 

Upper Old Red. — In places the Lower Carboniferous Rocks 
graduate downward into the true Upper Old Red — the Lower 
Limestone Shales forming the passage beds from the one to 
the other. This is the case, for instance, near Sedbergh in 

' 8m the TiM-PcciiaentUl Addren before tfaa Royal Physical Society 
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of origin which receives further support from their miifonnity 
of lithological character over large areas, and the fiueness 
and evenness of their lamination. Their fossils, again, point 
to much the same conclusion. 

We certainty have no reliahle data on which to found an 
estimate of the time required for the formation of this 
enormous accumulation of marine deposits. The grey- 
wackes may have been formed at the rate of 1 foot in 
2000 years; which, aa their estimated thickness is 8000 
feet, gives us 16,000,000 years for the whole of this section. 
The more argillaceous portion, which may be set down as 
about one-third of the entire thickness, i.t., 4000 feet, must 
have been formed at a slower rate. If we set this rate at 
probably 1 foot in 3000 years, we shall be within the mark. 
This gives us an additional 12,000,000 years; making a 
total of 28,000,000 years for the Middle and Upper 
Salopians. 

As for the time required for the accumulation of the 
deep-water graptolitiferous beds and the deep-sea clays which 
now form the Pale Slates, we can only judge by analogy. 
If the rate of palajontological change may be taken as u 
guide, then these two subdivisions of the Lower Salopiau 
must have taken longer to form than the whole of the 
overlying 12,000 feet of greywackes and argiilites. This 
view will, I am sure, commend itself to all palteontologista, 
and to the majority of the geologists who have studied 
these rocks in the field, I shall therefore add another 
28,000,000 years for the formation of the rocks in ques- 
tion. 

UncmifoTifiity at tlie Base of the Salopian Hocks in Shrop- 
shire and elsewhere. — Near Moffat, and at one or two other 
localities in Scotland, there is no 'clear evidence of any 
great physical break between the Salopian Rocks and the 
Ordovicians — probably because deep-sea conditions per- 
sisted there throughout the whole period from Arenig times 
to near the end of the Lower Salopian. In Ayrshire the 
break between the two is more marked, In Craven, as 
I'r'ifessor Hughes showed many years ago, a well-marked 
unconformity exists — one to which I am myself disposed to 
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attach much greater importauce even than he did. In 
South Wales the unconformity between the Salopian aud 
Ordovician Rocks is very pronounced. But it is in Shrop- 
shire, and especially in the Longniynd area, that the evidence 
of a break of enormous extent is most clearly to be seen. 
ITiere the May-Hill, Llandovery, or Lower Salopian, beds are 
seen to overstep the edges of every member of the Ordovician 
Rocks, themselves 15,000 feet in thickness — the whole of 
the Cambrians, 3000 feet or more— and, finally, they over- 
step the edges of the older Longniyndian Rocks, whose 
thickness cannot be less than 8000 feet, and may well be 
between twice and three times that thickness. Taking the 
lowest estimate, this frfves us for the total thickness of 
rock overstepped by the Salopians in the Longmynd area 
26,000 feet (or possibly half as much more than that). 

There can be no question here of overlap to any appreci- 
able extent, as the Pentamerus Beds are present over nearly 
the whole area, which shows that we are not dealing with 
a case either of deposition of marine strata on the flanks of 
an old island, or of deposition in an area of very unequal 
subsidence, N'othing can be clearer than the evidence that 
the whole of the unconformity is pre-Salopian, But, on 
the other hand, there is abundant internal evidence to show 
that the whole of this vast hiatus cannot be referred to 
denudation following the close of the Ordovician Period, On 
the eastern side of the Longmynd area, at Caer C'aradoc, the 
Bala Rocks repose directly upon rucks of Tremadoc age — 
the intermediate rocks of Lower Ordovician age, fully 10,000 
feet in thickness within a short distance of this spot, being 
here entirely absent Mr Watts informs me in a letter that 
in places the Salopian Hocks lie even upon the rocks of 
LoDgmyndian Age. Part, therefore, of the enormous gap 
occurring at the base of the Salopian in the Longmynd 
area is referable to an unconformity of pre-Bala age. 
I have mentioned above that the equally vast uncon- 
formity at the base of the Upper Old Red in the English 
Lake District is referable, in like manner, to the cumulative 
effect of several unconformities of widely diffei^nt ages. 
The unconformity at the base of the Upper Ordovician 
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Books has a much wider extension than appears hitherto 
to have been recognised. 

Returning to the Longmynd uuconformities : we find the 
Cambrian Rocks themselves, in their turn, overstepping the 
edges of the old Pre Cambrian Rocks of the Longmynd, and 
they are known to lie even upon the edges of a series 
of eruptive rocks — the Uriconians — which many competent 
geologists regard as unconformable below the Longmyndians 
themselves. 

Ignoring these older unconformities, therefore, we need at 
this point only take into account the thickness of strata 
which there is reason to believe was removed by denudation 
after the close of the Ordovician Period, and prior to the 
deposition of the Lower Salopian Rocks. Taking this amount 
at 4000 feet, as shown by the Survey sections, this, at the 
average rate of denudation here employed, gives us an 
additional 12,000,000 years. 

Tiyne required for the Formation of the Upper Ordovician 
Rocks. — Confining our attention for the present to the 
Upper Ordovician Rocka of the Longmynd area, we find, 
from a measurement of the Geological Survey " Horizontal " 
Sections, that these rocks are fully 4000 feet in thickness, 
and consist mainly of marine sediments, together with some 
volcanic rocks. The general character of the series as a 
whole is suggestive of (juiet deposition, while the changes in 
the faunas as the rocks are traced from below upward, 
point unmistakably to a great length of time. If we assume 
that, as a. whole, this series was formed at no greater rate 
than that of 1 foot in 3000 years (wliich in this case, as 
in others of the same nature, seems to me to be a rate far too 
rapid), 4000 feet would require 12,000,000 years. 

Unconformity at the Base of the Bala Scries. — Considering 
that the Longmynd district has been repeatedly the centre 
of axes of upheaval, and considering, further, that volcanic 
action was rife throughout the older period there, it seems 
to me advisable to regard the unconformity which brings the 
Bala Rocks into direct contact with the Tremadoc stiata on 
the east side of Caer Caradoc, as probably due to couiempot- 
aneous disturbances and upheavals of the same nature as 




Vice-President's Address, 

Pfiiose originally described by Sir Archibald Geikie in con^l 

' nectiou witU the Lanarkian and Caledonian Old Reda ; aad^^ 

still more to the point, of the same nature as those I 

described in my paper "Od the Stratigraphical Eelationa 

of the Skidda Slates," * in which rocks of Bala age have been 

_ made to lie upon the upturned edges of the Tremadoc and 

I older rocka of the northern aide of the English Lake District; 

and, again, in the case of the Bala Kocks in Ireland, which 

repose upon the upturned ends of the Cambrians. I do not 

therefore consider that we are fully justified in counting the 

unconformity specially under notice, as it is probahly, in 

part at least, contemporaneous in time with the Bala KockB 

themselves. 

Time required for the Formation of the Older Ordovician 

Socks. — Still confining our attention to the Ordovician Iiocks 

of the Longmynd ai'ea, we find that the collective thickness 

I of the Llandeilo * and Arenig Rocks there is, according to the 

k-finrvey " Horizontal" Section, fully 16,000 feet. Here E^ain 

f the rocks consist largely of marine strata, amongst which 

raptolitiferoua mudatones bulk largely. This is especially 

■'true of the upper part of the series. The lower part, still 

■xaarine, includes a large percentage of volcanic material, and, 

moreover, contains quartz-particles In abundance. But if we 

WDsider that the more rapid formation of the lower strata is 

I compensated, or more than compensated, by the slow rate of 

ftftccumulation of the upper, as evidenced by both its mineral 

dharacter* and the biological changes of which its fossils 

[present a record, we should be well within the mark if we 

Wtitnate that the formation of these Lower Ordovician Iiocks, 

a whole, went on at the average rate here assumed, 

A, 1 foot in 3000 years. At this computation these rocks 

tdd 33,000,000 years to our roll. 

Time implied by tht Combnan Period. — In general, the 
i)wer Ordovician Rocks pass down conformably into the 
inderlyiRg Cambrians. In North Wales, near Harlech, 

' Proc. OeoL Auoc. 

■ I employ the term Ll«ndeiIo for those atwta which oconr h«low the 

»-B«l* unconfarinit;, and which Danfonutbl; ncceed the rocki of Annlg 
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the Cambrian Rocks, properly so-called, are certainly not 
less than 13.000 feet in tliicknesa. The Harlech aud 
Llanberis Rocks, measured up to the base of the Menevians, 
are, according to my calculation on the ground, a little over 
6000 feet. To this we have to add 200 feet for the Meue- 
vians, 5150 feet for the Lingula Flags, and 2000 feet for the 
Tremadoc Rocka. Tills givea a total thickness for tlie Cam- 
brians of 13,350 feet, which is, if anything, below, rather 
than above, the mark. The Harlech beds are largely 
quartzitic, and may have been formed at a somewliat more 
rapid rate than that generally taken into computation here. 
On the other hand, the remaining strata consist largely of 
what must originally have been fine marine loam, mad, and 
clay, which were slowly and quietly deposited at some 
distance from the land. In dealing with these Cambrian 
Rocka, I ahoidd be disposed to modify the figures used 
generally in the foregoing computation, and to allow a 
somewhat higher rate for tlie formation of the Harlech 
and Barmouth Rocks, seeing that these consist largely of 
a coarse greywacke. If we set their rate of accumulation 
at 1 foot in 1000 years, this would probably be a fair 
average, seeing thai these rocks include argillaceous bands 
in the proportion of about one-fiftli of the whole. Taking 
their collective thickness at 6000 feet, this gives us 6,000,000 
years. 

The overlying Menevian strata contain a widespread, if 
thin, deposit of manganese ore (which, by the way, is a tnie bed, 
and not a vein), whose general aspect lends additional con- 
finnation to the view suggested by its fossils that in this case 
we are dealing with a deep-sea deposit. It has already been 
stated that the petrographical nature of both the succeeding 
Lingula Flags and Tremadoc Rocks is also suggestive of quiet 
and slow deposition — a view equally well borne out by the 
fossils which occur in these rocks. I was so much impressed 
by these features when studying these rocks in North Wales 
a few years ago, that I should feel quite justified iu setting 
their rate of formation at 1 foot in 5000 years. Their 
aggregate thickness in North Wales is 7350 feet, which, at 
the rate suggested, gives us a period of 36,000,000 years. 
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The Duniess Limtatone. — It happens in the case of the rocks 
of Middle and Upper Cambrian age that we are able to a 
certain extent to check the computation regarding their age 
by figures obtained from another source. In the north-west 
of Scotland the rocks containing Olendlus and a Lower 
Cambrian fauna (which correspond in time with the upper 
part of the Harlech Rocks) are overlaid by a thick mass of 
marine limestone^the Durness Limestone — whose higher 
beds yield fossils with a Tremadoc facies. This limestone 
would therefore seem to be the equivalent in time of all the 
North Wales strata from the base of the Menevian to the 
top of the Tremadocs. Mr Peach tells me it may be from 
1500 to 2000 feet in thickness or even more, as its top is not 
known for certain. Relying upou these lower estimates, it 
would seem that the 7350 feet of argillaceous beds in North 
Wales are chronologically equivalent to 1500 feet of lime- 
stone in the north-west of Scotland, which ia in the 
proportion of about four and a half of fine marine mud to 
one of limestone— a proportion which seems to hold good in 
other cases than this. If we take the time requisite for the 
formation of the Durness Limestone at 1 foot in 25,000 
years, this gives us 37,500,000 years, which is an estimate 
not very different from that arrived at in connection with 
the Cambrian Kocks of North Wales. 

Adding to this estimate the time required for the formation 
of the Lower Cambrian Rocks of Wales, we get for the whole 
Cambrian Period 42,000,000 years. 

Summary reyardimj the Age of the Lower Cambrian 
Rocks ; — 



From the Commennflment of the Tertiary PerioJ to the 

Present Dij, 93.130,000 

Time refireaentcd bj the FormatioD of the Chrtlk, Upper 

GieeDEanJ, Oault, and Lover Greenfttml 31,400,000 



Pre- Cretaceous ULCOuformity in Britain 

Time required far the Dppositiau or the Jarusiu-Wealden Serio, 
Time reprewnted b; the T^rolian and Pinonniati Rocki, . 
Unconformity at the Base of the Lower Nen Red in Britain, 
Dmation of the Upper Oarbuniferoua Period in Biilaiii, 



18,200.00 
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Carry forward. 
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Broaght roiTfttd, . 361.735,000 
Time required for tbe ForiDatiati of S500 feet of Cuboniferona 

Limestose, 62,500,000 

Time rppresenleil by the Continental DeTonian LimestoncB, , 125,000,000 
Duration of the Period repraaented bj the Sftlopian (Silurisn) 

Rucks 56,000,000 

ChroDologieal Valoe of Ihe Unconformitj at the Bue of 

theibove, 13,000,000 

Time required for tha Accanmlation of tha Upper OrdoTiciBU 

Bocks, 12,000,000 

Lower Ordovician Time 33,000,000 

Upper and Middle Cambrian Period, 86,000,000 

Lower Caoibrian Period 6,000,000 

Total ainco the Commencement of tlie Cambrian Period, . 704,235,000 



Concluding Remarks. — Seven hundred niilliooa of years 
back from the present to the commencement of the Cambrian 
Period may seem to many persons far too extravagant an 
estimate to be for a moment seriously considered. Every 
one of the data upon which this estimate is founded will 
probably be regarded as absolutely untrustworthy, on the 
ground that they are avowedly based almost aa much upon 
speculation a^ upon fact, and also upon the ground that 
I myself do not put these conclusions forward as a 6nal 
answer to a very difficult question, and one which probably 
never will be answered with more than a very rough 
approximation to the real truth. If the estimate prove 
wrong in any particular, then the very rectification of the 
error in question will bring us a step nearer to the truth, 
and no one will rejoice more than I shall at finding what I 
feel is little else than a speculation, based as yet upon 
imperfectly-known data, replaced by facts and inferences 
therefrom which are of a more trustworthy character. 
Hypolheses have their use in Geology as much as in other 
branches of Science. 

For ray own part, I am quite prepared to find that, as our 
knowledge of Geology and Biology advances, we shall feel it 
necessary to extend rather than to abbreviate the estimate I 
have put forward. 

Seven hundred millions of years carry us back to the 
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Commencement of the Cambrian Period, but not to the 
Commencement of Life upon the Earth. We have long 
known, thanka to the labours of fellow-geologistfl in 
Britain and in America, that the Lower Cambrian fauna 
contains representatives of all the chief forms of Invertebrate 
Life, and these are iii most cases by no means of low 
zoological grade. No one who fully realises the import of 
Evolution aa now understood can for a moment doubt that 
this fact points in a manner that is unmistakable to the 
inference that the Beginning of Life upon the Earth must be 
vastly more remote— perhaps as much farther back from 
Cambrian times as they are removed from our own. To me, 
to whom Geology is of interest chiefly as throwing light 
upon the past history of Life upon the Earth, this early 
appearance of highly-organised forms of Invertebrata suggests 
remarks auflicient to double the already considerable length 
of this Address, I must content myself, however, with 
referring the reader to the very thoughtful and suggestive 
address on this aspect of our inquiry which Professor 
Poulton delivered at the 189(3 meeting of the British 
Association. 

In regard to the physical and mathematical aspect of thia 
question of the Age of the Eai'th, 1, as neither a physicist 
nor a mathematician, can have but little to say. But, so far 
as I can judge, the late Dr Croll's "Stellar Evolution" 
supplied an answer to one of the main objections to any 
high estimate of the Earth's Age. Professor Perry, Mr 0. 
P"isher, and others have done equally good work in the same 
direction, and have earned the thanks of all geologista for 
their labours in a good cause. 

On my own part, I have only two suggestions to make, 
neither of which, I am told, is new, but of which both seem 
to me to have an important bearing upon the physical 
aspect of the present question. Each shall take the form 
of a query. 

1, Is it certain that the whole of the downward increment 
of heat within the Earth is due to any vestige of the Eartii's 
original heat ? If not, why may not part of it be due to the 
conversion of the energy of motion arising from terrestrial 
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iin<]ulations (set up mainly by luni-solnr gravitational energy) 
into the energy of heat ? 

2. Is it certain that radiant enei^ in general differs 
from gravitational enei^ in operating only between two 
solid bodies ? If radiant energy acts only between any two 
material bodies, how do we know that the radiant ene^y of 
the Bun, or the heat of the earth, is being dissipated into 
space at anything like the rate which is generally assomad 
to be the case ? 



XXII. Sinne AddUi(rns io the JAM of Spiders aAUclfd -in the. 
Neigkhmirhood of Edinburgh. By GEOnnK H. Carpkm tW, 
B.Sc., and William Evans, F.R.S.K. 

{Ke»d 16th April 1890, and reraid for pnblicBtlon lal October.) ' 

Since the publication of our list of Edinburgh Spiders 
alwiit two years ago {Proceedings Koyal Physical Society, 
xii,, pp. 527-590), we have — though not paying special 
attention to the group — obtained a few species not hitherto 
known to occur in the district, besides discovering additional 
localities for some of the less common kinds already 
recorded : these it may be well to place on record now.' 
There are also some changes in nomenclature to notice;' 
and we regret that through an error in identification one 
species {Wakkenaera ohlvsa, Bl.) must, for the present at 
any rate, be withdrawn. 

The additional species, which for convenience we shall 
enumerate first, are five in number, making — with the 17j 
in our original list, less the one now cancelled — a total of 
179 recorded for the neighbourhood of Edinburgh up to the 
present time. The names of the five are: — Citephalocotes 
interjectus, Canibr., Epeira eornuta (Clk.), Epeira umbraiica 
(Clk.), Tiielhis oblongus (Wlk.), and ^Ivropa iimgjtUa 
(Clk.), the first and last being new to Scotland : indeed, the 

' As before, the field-notk hM been done enlirely by Hr Evaiu. 

* We coDfiiie ODrselvGS it prennt to • few geperkll; accepted ehtui| 

■pecific □■met. 
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hiephalorota has ouly once before been taken in Ilritain, 
Bnamely, at Hoddesden, Herts; while the jSlnropa has ' 
■hitherto I*een noticed only in Dorsetshire and Hftrnpshire, 



I, ADDITIONS TO FORMER LIST. 

Cnephalocotee iuterjectus, Cambr. 

Among a number of small spiders obtained from under a 

I Btone in the lane behind Morningside Park, Edinburgh, on 

' 26th September 1895, the liev, 0. P. Cambridge, who 

kindly looked them over for uh, detected an adnlt male of 

this rare species. This is but the second British record. 

, The species was described by Mr Cambridge in 1888 from 

i male taken at Hoddesden. Herts, and he hna since received 

pt from Holland. 

Epeira cornuta (Clk.). 

Epcirii apocUso, lil. .Sfiid. Great Brit, «nd Irat. 

An adult male, a number of adult females in their neats, . 
\a.A many young examples were detected on marsh plants 
rowing in a ditch on Luffness Links, Aberlady, on 27th 
August 1896. Having drawn attention, in the introductory 
jart of our paper, to the absence of this fine spider from the 
^t, we are the more pleased to be able to add it now. 

Epeira omtiratica (Clk.), 

We are also pleased to be able to add this lai^e though 
plain-looking Epeira to our list. In September 1894 a colony 
was discovered on some dead Scots firs standing on the edge 

t(rf the wood skirting the north side of the Tyne estuary 
■t Tyninghamc, in East Lothian ; and on 10th July 1896 
■ similar, though smaller, colony was found on dead poplars 
tn a plantation opposite Luffness House in the same county. 
All the specimens examined (over a dozen) were females, 
mostly adnlt ; but not wishing to destroy the habitats, we 
removed small portions only of tlie loose bark under which 
the spiders were concealed. Their large and somewhat 
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untidy weba first attracted attention. I*reviou8ly i 
Scottish localities are Braemar and Aviemore, 



Tibellns oblongrus (Walck.). 

PhitodruiHiii oblumjiis, ISl. SpiJ. Giijat Brit, and IroL 
During September 1894 immature males and females were 
common on brackens nt Hedderwick Hill Links, on the 
south side of Tyne estuary. East Lothian ; and also on long 
grass on the salt-marsliea at tlie upper end of the estuarj-. 
On 13th May 1895, two adult females were found on a 
wooden fence by the roadside at Glencorae lleservoir in the 
Pentland Hills ; and in July ISftf, an Immature example 
was obtained off grass at Ormiston, East Lothian. Lastly, 
in September 1896, one was got off a young fir at Gosfc 
Dr Hardy has taken it in Berwickshire, 



iElnropa insignita (Clk.). 

jSliimps c-i'isiyiitti/i, Cambr. Spid. Doraet. 

This fine spider was common on and at the base of the 
railway embankment between Burntisland and Pettycur, 
Fife, on 7th Jfay 1895. The rapidity with which they 
hopped from stone to stone and disappeared in the crevices 
rendered the capture of a dozen males and half as many 
females (all, with one exception, adult) no easy mi 
Heaths in Dorsetshire and Hampshire are, so far as wb. 
aware, the only previously known British localities for ii 
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n. CHANGES IN NOMENCLATURE. 
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In view of recent investigations by the Kev. 0. P. 
Cambridge and his nephew, Mr Fred. 0. P. Cambridge, the 
results of which will be found recoi-ded or referred to in the 
Proceedings of the Dorset Natural History aiid Antiquarian 
Field Club (vol. xvi., pp. 92-128, 1895) and in the AnnaU aiul 
Magazine of Natural Bislory (sen 6, vol. xv., pp. 25-41, 
1895), it becomes necessary to alter the specilic names under 
which several spiders appear in our original list. 
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Drassus cuprens, Gl. 

Dnunta hipidteoUnn, Cnnibr. Spid, Dorset (in put), nan Bltck 

Spid. Orcftt ^rit. and Irel. 
Drasnu lapidosua, Carpentur uad EvkDs, List Spid, Ediu., p. 586. 

The common I>fassiiv of the district, which stands in out ] 
list under the older of "Walckenaer's names — lapuloms — is, 
it would now seem, referable to the form to which Bkckwall I 
gave the name of D. cupreus. At any rate, a number of 
specimens (including adult males and females taken on 
Blackford Hill in May 1895) sent to the liev. 0. P. 
Cambridge since the publication of our list in 1894 have 
all been referred by him to this form ; and he tells us he | 
has only recently come to discriminate between it and the I 
Hiirne D. lapidkolens ( ~ Inpidosus) of Walckenaer, and that he I 
^Bnuch doubts if he has yet seen the latter from Scotland. 

^ Th 



Leptypliantes terricola (C L. Koch). 

inyyliia iilacria, Bl, SjiiJ. Great Brit, and Itel.; Cainbr, Spii 
L^tjfphanUa ahcris, C. aud E. List Spid. Edin., p. &5G. 



The Messrs Cambridge have come to the conclusion that I 
31aclcwall's L. alacris is identical with C. L. Koch's L, [ 
terricola, which, being the older name, has therefore priority | 
over the other. 






Leptyphantes blackwallii, Kuicz. 

LingpMti Urriroli; Bl. Sgrid, Gri^ut Ilrit. aud lie).; t. jibitim, tiiuubfi 1 
Spid. Doriiet, but Bj>i«rvutly not uf Muiigu ; Lcj^itjihanUt I 
xbriaas, C and £. Lint Spid. Edit)., p. C56, 1 

lllackwall's L. tei-ricola, being a different spider from that I 
to which C. L. Koch had previously given that name, and I 
being also different, it would seem, from Menge's Z. zebrina, 
has had to be renamed. This has been done by Professor 
Kulczynski, who has recently (" Aranea* Huugariie," torn, ii., 

I pars i., p. 70, 1394) named it Lepiyphanies blackwallii, ^^ 
Srhich has therefore to be substituted i'or L. icbrinua in ^^H 
Dur list. ^^M 

^ ■ M 
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Leptypbantes tennia (Bl.). 
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Liniphta UnHii, Bl. Spid. Lircul Brit, and Irel. ; L. tiaibrKnta, Cmbr. 
Spid. Uanet, but not of Wijur ; LeptypluinUi leiubrieotia, C, 
aod E. Lilt SpiJ. Eilin,, [i. GST. 

Aauther result of the veceut iovestigations above rgfenetl 
to baa been to show that the L. lenebncola of Cambridge's 
" Spiders of Doreet " is not the L. teiuhyicola of Wider, but 
must be restricted to the L. lenuis of Blackwall. Tlie laltur 
name htis, therefore, to be substituted for the other in our 
list, Mr Cambridge has specimeus of the true L. tenehricul". 
of Wider from "Scotland" (exact locality not kuown), su 
that it will probably be found in our district in time. All 
the specimeus we have recently sent to the Messrs Cambridge 
have, however, 1)eeu referred by them to L. tenuis (BIO- 



Tetragnatha solandrii, .Scop. 



Tetrofnatlut tjOcnaa, \i\, 
8pid. Dorut (ii 



Spitl. tiKBt Brit uid IrsJ. (iu part} ; 
part] : <_'. and K. List Sjiid, Edin., 






.•iince the publication of our list, Mr Fred. 0. 1'. Cambrii 
has examined a large number uf specimens (including ours) 
of TctrugiiaikfT from England, Scotland, and Ireland, and 
haa found no leas than four species besides the ti-uc Arania 
(Tetraffiiatha) exttma, Linn, (the name hilliQi'to applied to 
all British o.\amploB), repiesented. Those Irom the localitiya 
given in our paper he refers to 7'. W«mWi, Scop. Specimeus 
taken in May ItJ94 on a moor about two uiilcs south ol 
Callander he refers to T. cxicnsa (L.), and this is the nearost 
lucality from which we have as yet had it authenticated. 



III. AUOITlOiNAL LOCALITY-RECORDS, Ktc, 

Drassus blackwallii, Thor. — This is one of ihe four spmes 
included in our list which we had not ourselves detected in 
the district. To the locality mentioned by Mr Cambridge 
(Arthur's Seat), we are now, however, able to add another, 
namely, houses in Aberlady, where, in August 1896, we 
obtained an adult male (which Mr Cambridge haa seen) and 
two females. 
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Clubiona rcclusa-, Cb. — Up to the time our paper went to I 
(tress, we had not detected an adult male of this species in 
4ie districL In July 1894, however, we found one, which j 

! submitted to Mr Cambridge, among heather, etc, in a I 
Wood near Kirkuewtou. 

Amaurobiua /erox (Wlk.). — In the spring of 1895 two adult I 
binales were brought to us from a stable in Blacklbrd Road, ] 
Sdiuburgb; and, in September 1896, one was obtained in a ] 
iDuse in Aberlady. 

Tkeridioii jKiUcm, BI. — Fairly common on fruit-trees on 
pirdeu wall, Tynelield, Kast I-othian, August and September > 
1894; also a few in Yester grounds, September 1896. 

I'edaHOStetkuji najlectits (Ob.).— An adult male, Giftbrd, 
teth September 1896. 

Liny}ihia montuna (Clk.). — Common in garden at Tyne- 
leld, near Dunbar, August and September 1894. 

Porrkontina pi/gmanuit (Bl.). — A number of males and 

males off bushes uear Kirkuewtou, 3rd May 1895, 

HUaira uncala (Cb.), — Female near Kirknewton, 3rd May 
(895; male and female, Tordutl' Hill, Fentlands, 19th Marcti, 



Tmeticiis lianlii (Bl,). — Ou Slst December 1895, eight op 
le males aud four fenialea (all adult) were obtained under 
lues, etc,, lying close to the shore on Dirleton Commou, 
at Lothian — identiticatiou confirmed by Mr Cambridge. 
.is is the first occasion ou which the female has been found 
tlie Britbh Isles; it is being hgiired by Mr Uambiidge iu 
i Proceedings Dorset A'lil. ITist. and Aiitui. Fieiil Clab.^ 
Tmeticus abnomiis (Bl.). — Fentlands to east of Boualy, 

Febi-uai'y 1890, adult female. 
Tmelicus ru/us (Wid.). — Adult males and females (especially 
le former) abundant under stones at foot of North Berwick 
,w, 2nd January 1890. 
Tmeticus reprohus (Cb.). — Adult males aud females again 



I recent paper In Frocecdinga Berwitk A'tit. Club (vol. xr., p, 117), 
that tliia spEder had not been round iu Brittin, sicopt in Berwick- 
■tiiru ikuJ Eiul liotbimi. Mr Cambridge, huwcrsr, informi me that he hu nn 
adult aiaie trom Cambridgeahira, which wm rtoordod in Pncudintt Oimtr. 
Fkil. Sic, Tol. vi, (1888), p, 301.— W, E. 
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abundant under stones embedded in cast-up seaweed ueui- 
Aherdour. 4tli March 1896; male, Aberlady, September. 

Oongylidium ajjreatt (Bl.). — Adult male, neighbourhood of 
Edinburgh, October 1896 — identification confirmed by Sir 
Cambridge. 

Tiao vagam (Bl.). — Adult male, Winton, East Lothian, 
4th July 1895. 

Diofmbium nii/rum (Bl.). — Adult male, near North 
Berwick, January 1896 ; another at Macbiehill, Peebleashire, 
2nd April 1896. Our previous records were all for autumn. 

Disinodicus hifrons (Bl.). — Two adult males under stones 
on Pettycur Links, 7th Jlay 1895. 

Savitjnia Jrmdnta, Bl. = Diplocephalus frontatits (EL). — 
Curiously enough, the true female of this common spider liaa 
not yet, it seems, been described or figured. In the Procecd- 
ings Dorset Nat. Hiil. niiil Antvj. Field C'luh, vol. xv. (IS94), 
Mr Cambridge gave a description and figure of what he took 
to be the female, but he has since come to be of opinion that 
he was mistaken in so regarding it. Ou learning this, we 
were able, in November last, to send him a number of 
undoubted specimens, from which a fresh description and 
figure will be given in the Club's Proceedings for 1895. 

Ti/phocrcsim di^tatus (Cb.). — Two adult males under stones 
ou Dirleton Common, Slst December 1895. 

Anconeus kitmilis (IM.). — A few adult males under stoues 
in lane behind Moruingside Park, Edinburgh, 26th September 
1895. 

LuphooarenuHt paraltdum (Bl.). — Two mates and one female, 
Longniddry, liSth February 1896; one nmle, Aberdour, 4lh 
March 1896— shown to 0. P. Cambridge. 

Lopkoivrciium nemorale (Bl.)- — Two adult males, Nortli 
Berwick Law, January 1896, and another near Colintou, 
October. 

Plasiocraiits permixtm (Cb.). — Adult male, among sphag- 
num, Pentlands above Bonaly, October 1896. 

Plasiocrarjis alpinus (Cb.). — Mortonhall, adult male among 
leaves, 2nd April 1895; North Berwick Law, two males 
and two females, Jauuaiy 1896 ; near Longniddry, adult 
male, 28th February ; Kirknewton, adult male, 2l3t March. 
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^Heems to be more generally diatributed llmu we I'urnjerly 
Rmppoaed. 

Caledonia evansii, Cb. — Since the publication of our list, 
Mr Cambridge has described and figured [Proceedings Dmset 
^'at. Evit. and Antiq. Field Club, 1894, vol. xv.,p. Ill), as 
the female of this species, a spider taken by us on the Pent- 
land Hills in October 189"^. 

]Vidcria antica (Wid.). — Adult male, wood near Kirk- 
newton, 15tb April 1895 ; female, Torduff Hill, Pentlands, 
lOth March 1896. 

Wiiltkenaem nudipalpis (Westv.). — In addition to Lufluess 
fir wood (the only locality we gave for this speuies), we must 
add Pentlands (ttetween Glencorse Keaervoir and Ci 
J Moor) — the male spider obtained there on 14th September 
14.893, and recorded as W. obtiisa, having proved, ou further 
camination, to be really a specimen of the closely allied 
W. nudipalpis. 

Walckenaera olltisa, Bl. — This must, in the meantime at 

any rate, be withdrawn from the list, the supposed specimen 

being, as above explained, an example of the previous species. 

Frosopotheca motioceros (Wid.). — An adult male found 

under a stone ou Dirleton Common, 31st December 1895 — 

I identification confirmed by Mr Cambridge. 

■ira cucitrUiina (Clk.). — An adult female, ofl' fir, Tyning- 
September 1894 ; and another on trunk of beech, 
Falkland, Fife, August 1895. 

JSpcira aijalejui, Wlb. — A good many (immature) beaten off 
pines on north side of Tyninghame Bay, September 1894. 

Oxyptila atmnaria (Panz.), — An adult male (our first from 
the district) under a stone by Bi'aidburu path, 9th May 1895. 
Euopkrys crraticus (Wlk.), — Common in cocoons under 
stones on south side of North Berwick Law, January 1896 — ■ 
all immature ; on stones, east end of Gosford Bay, August 
1896, several, likewise immature. 

Ifote.—Oa 6th March 1897 Messrs T. Scott, F.LS., and | 
Lindsay discovered Argyroneta aquatica in the small » 
x>h on the top of the Lraid Hills (see Annals •'iwl. Noi, 
ffwr,, 1897, p. 126). 



I 




ProCf'O^in'js u/ th^ Roi/al I'ki/ncal SociUy. 



\ 



XXIIT. TId- Qri'jiii o/the fJitiiminoid Oc7neiU of the Vailhnta 
Fhgnlones. By J. G. GoODCliILD. HM, Geol. SuiTcy, 
F.G.S., F.Z.S., M.B.O.U. 

(Rnd 20th Juinar; ISDT.) 

It lias loug beeu known that the reiuarkaljle luuacity to 
which the C'aithueas I-'lagatones owe so much of their com- 
luercial value is largely due to the high percentage of 
bituminoid matter by which their constituents ai-e cemeQt«iL 
It ia this cement which enables cUlt's of these rocks to 
withstand the action of the aea, which they do even in those 
ciises where they urc thinly bedded, and are at the same 
time traversed by well-marked joints cutting undeviatingly 
through a considerable thickness uf rock. Analyses of the 
(.'aithness Flagstones show that .'wme jiBi-ts of these rocks 
contain aa much aa thirty per cent, of bituminoid matter. 
This permeates certain bauds of the rock to such an extent, 
iJr Traquair tells me, that a microscopic examination of the 
urgaoic tissues of the embedded fossils ia often rendered 
next to impossible. In the Held, too, the large quantity of 
bituminoid matter present causes this substance to exude 
fi-om the lock- surfaces in a uiannei' that reminds one of the 
resin given off from lir trees. A fact of this kind could 
hardly fail to attract attention fiom commercial men; and 
accordingly we find that it has more than once been seiiouel)' 
proposed to work these bituminiferous bauds for the diatilk- 
tion of paratlin, or even for the manufacture of gas. 

I'he organic origin of the substance under notice has lun|^ 
been recognised, and has probably never been called in 
question. By the great majority of geologists the source of 
the bituminoid has generally been supposed to be matter of 
animal origin — in great part due to the decomposition of the 
remains of the fossil fisli which occur in these rocks. The 
object of the present note is to show that it b highly prob- 
able that substances of vegetable origin have had a large 
sliare in the formation of the hydrocarbon conipountl in 
(question ; and that, in some cases, it may be due to vegetable 
matter entirely. 
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B In approaching an iuquity of this kind, pi-olmbly no 
W geologist would venture to propound an explanation of the 
facts in any foim except that of a temporary working 
hypothesis, which he would regard more as a suggestion of 
what may be possible, rather than as a hnal answer to a 
question which, whenever it comes to be answered dehuitely. 
must be answered by a chemist Up to the prL'sent no 
chemical geologist lias even attempted a solution of the 
difficulty ; in the mean time, and until someone does do so, 
we may endeavour to foim some kind of idea for ourselvus, 
liy making the best we can of what evidence we can gather 
in the field. With this object in view, we need first to review 
the more salient petrograpbical characteis of each of the larger 
divisions of the Old lleds, noting, especially, what charac- 
teristics accompany eiich type, alike in the cases where 
tiituminoids are jiresent and where they are absent. 

It is now generally known amongst geologists that the 
Devonian Period in the northern parts of the kingdom was 
one during wliich continental instead of marine conditione 
obtained, and that it was here also a ^leriod characterised by 
impoi'tant teiTesti'ial disturbances. The general nature of 
these has been indicated in my Address on the " Age of the 
Earth," printed in the present volume. It will suffice here 
to summarise the general conclusions upon this point Owing 
to the teiTcatrial nndulatioua being of greater amplitude, 
shortei' wave-length, and higher frequency, than in usual in 
such earth-movements, and owing also to the fact that these 
undulations progressed from south to north, important up- 
heavals and denudations of the strata went on concurrently 
with depressions of the surface, and consequent deposition, 
in areas closely adjacent. The earliest formed Old Ked 
(the Lanaikian) appears thus to have furnished materials for 
the succeeding (or Caledonian) Old Ked. This in its turU; 
as the upward phase of undulation progressed northward, 
may have, in like manner, furnished materials for other 
divisions higher still: successively-newer strata thus being 
formed as the ten'estrial movements progressed from south 
to north. Two important unconformities result from thi 
complicated movements. 
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Tlie straligrapbical relations of tlie subdiviaioua of lh>; 
0\A Red in the south of Scotland were admirably described 
by Mr (now Sir Archibald) Geikie in volume xvi. of the 
Qiiaiirrli/ Journal of the Geological Society of London; and 
uj^'iiin (and, if possible, better still), in an oft-i[UOted descrip- 
tion of the facts in " Siluria," 4th edition, 186", pp. 248-250. 
The Orcadian Eocks, specially refeired to in the pi-eaent 
paper, were described in detail in the same author's "' Old 
Red Sandstone of "Western Europe " {Trans. Roy. Sac, Edin., 
vol, xxxviii). For much of what we know respecting the 
palieontology of these rocks, and especially regarding the 
bearing of the evidence yielded by fossils upon the order of 
succession of the various subdivisions of the Old Red, we are 
indebted to the labours of Dr Traquair, whose beautiful and 
life-like restorations of the fish of the Devonian Period have 
now made the study of these fossils a pleasure to geologbts, 
instead of a task of almost hopeless difficulty, as it has been 
hitherto. 

For the purpose at present before us. we need only to 
summarise from the writings of these and other authors the 
main facts regarding the succession, and the chief petro- 
graphical characters of each group of the Scottish rocks of 
Devonian age. 

At the bottom of the series occurs the Lanarkian " Old 
Iteil" already i-eferi-ed to, which consists largely of red sand- 
stones, and which graduate downward into, and form part 
of, rocks of Ludlow Age. These Lanarkian Kocks, as I 
hope to be able to show presently, are distinctly not of 
iiianne origin, but were formed in either lagoons or 
inland lakes, principaRy under arid — if not under desert — 
conditions. They ore coloured bright red by ferric oxide, 
they contain no traces of fossil plants, and no bitnminoid 
matter. These I^anarkian Rocks have long been known in 
the Pentland area to be covered by the Caledonian Old Ead, 
a violent unconformity marking the stratigraphical relations 
between the two sets of rocks. The Caledonian Old Red in 
its lower part, and where not of volcanic origin, differs from 
the Lanarkian Eocks in being coloured largely by ferric 
hydrate. The rocks on this horizon, therefoi-e, are brown 
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instead of red, as those nie in wMcli the eoloiiviiig matter 
consists of ferric oxide. To this division belongs the volcanic 
i-ocks of the Ochals, Sidlaws, Pentlands, etc. Succeeding 
these volcanic rocks in the areas to the north of the Forth 
is a band of grey flagstones iu which occur fossil fish 
{Cephalaspis and its allies, and some of the Acanthodians) 
and frequent remains of fossi! plants. Bituminoid matter is 
present in these grey beds containing the organic remains, 
and ferric oxide is conspicuous by its absence. These gi-ey, 
bituminiferous, and plant-bearing beds are succeeded by the 
sandstones and marls of Strathmore, which are, prevalently, 
red, with the pale green decoloration marks wliich so often 
accompany strata coloured by feme oxide. Fossils of any 
kind are rare or absent entiruly from these i^ed beds, and 
bituminoids are equally conspicuous by their absence. The 
total aggregate thickness of the beds belonging to the 
Caledonian division of the Old Red must be close upon, 
if it does not exceed, 20,000 feet. 

At the present day it is no longer possible to trace the 
connection between the highest or any other subdivision of 
the Caledonian Old Red and any part of the Old Red of the 
type occurring in the Moray Firth. These latter i-ocks 
present, in their lower portions especially, much the same 
petrographical characters as the Caledonian Old Red. 
Calcareous concretions, however, occur in the lower parts 
of these rocks, and these concretions have yielded numerous 
fish remains, wliich Dr Traquair regards as pertaining to a 
later sti^e of evolution than the fish remains from the 
Caledonian Old Red. In tracing the Old Red rocks of the 
Moray Firth northward, we find the members of the series 
there assuming a somewhat different type, which prevails 
throughout the greater part of Caithness, and extends 
northward into Orkney. The rocks of this type consist of 
flagstones, which, like the other sedimentary members of 
the Old Red, appear to have been formed either as torrential 
deposits on the land, or else as layers deposited under 
shallow-water conditions in inland lakes. But instead of 
being characterised by a coloration due (as the brown is) 
to ferric hydrate, or as the red coloration is, to ferric oxide, 
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llieso strala aw. prevalently of a dark grey colour, whicli 
is due to the abundant diffusion of bitnminoid m&ttcr. 
Bands tinted with ferric hydrate occur here and there, and 
there are also thin laminie containing more or less carhonate 
of lime or elae dolomite. Bauds of calcareous nodules of 
concretionary origin also abound on certain horizons. With 
these various constituents of the rock occur remains of fish, 
and also traces of vegetation, sometimes converted into coaly 
matter, 

jVbove the Orcadian Old Ited lies uuconformably the Upper 
Old Itcd, which, in one area or another, oversteps every rock 
older than itself. This rock again, thougli not red through- 
out, shows some red coloration, which is due, as in the 
other cases mentioned, to the presence of ferric oxide, which 
occurs aa films coating the grains of sand composing tlic 
main part of the rock. 

The whole of the rocks formed during the Devoniiin 
Period in Scotland of which remains in sUu still exist, 
appear to me therefore to have been formed under continental 
conditions and in inland lakes. At the very most there may 
have been once or twice local subsidences of safficient 
amount to admit of communication with the sea. Bnt of 
even this it appears to me that there does not exist any 
unequivocal evidence. This view is, of course, the same 
as that advocated by Godwin Austen, and afterwards so ably 
supported by Sir Andrew Ramsay. This latter author con- 
sidered that the Old Keds were formed under geographical 
conditions analogous lo those now obtaining in the Aralo- 
Caspian area. 

There is no need on the present occasion to go into full 
detail regarding the physical geography of the area of inland 
drainage referred to, as this has often been treated of by 
others, There are, however, one or two points connected 
with this part of the subject which are of importance to take 
into consideration in an intjuiry like the present. One of 
these is that, under conditions of inland drainage, the whole 
of the water carried down by rivers is partly absorbed by the 
earth and the rest dissipated by evaporation. An important 
result, so far as the present subject is concerned, is that the 
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iriooB substances liroiiglit down by the rivers in eolutioii, 
ing only partially abBorbetl by the earth, and not at all 
""carried off, as the water is, by evaporation, tend to accumulate 
in solution, and do so, until their several points of precipitation 
are reached, when, of course, each in its turn goes down 
in the solid form. Rock-salt is one of these. [In regard to 
this, I have once before stated before the Royal Physical 
Society my belief that the occurrence of this mineral is often 
due to the following sequence of events: — Firstly, it has 
been driven np from the ocean in the form of spray during 
storms, and in a state of minute crystals has been subse- 
quently diffused by the agency of aerial currents through the 
atmosphere. Secondly, that these particles of chloride of 
_ sodium diffused through the air have formed nuclei around 
phich aqueous vapour has been condensed. Thirdly, in the 
I of rain ifc has again descended to the earth, whence, 
B-nnder normal conditions of drainage, it lias fonnd its way 
back again to the sea. This part of its history has been 
made abundantly clear by the labours of Mr John Aitken of 
■ Diirroch. In the case of areas of inland drain^e, however, 
R I have pointed out, the cycle is not completed at once, 
r the chloride of sodium does not immediately return to 
the sea, but remains inland, where I believe that, in time, 
it forms one of the sources of beds of rock-salt.] Bicar- 
lK>nate of lime is a second constituent carried in solution 
in river-waters, and sulphate of lime is a third. Both 
of these play an important part in connection with the 
Caithness Flags. Along with these two substances, most 
ipvers contain in solution mot's or less ferrous carbonate 
nd sulphate. The first of these is due to the action of 
ilie hnmuB acids and their ultimate t^rm carbonic acid, 
which have disengaged the iron, in tiie first instance, from 
ita primary source, the iron-bearing minerals of eruptive 
rocks, Disregarding for the moment these aubstfinces in 
solution, we may pass on to notice the character of the sub- 
stances of oi^anic origin which are carried down in suspension. 
Kin areas of inland drainage there is usually a rainfall below 
e average in amount. This may range ft'om a maximum of 
y 20 inches to a minimum of 10 inches, or even less than 
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tlmt. The same district may, under changing geographical 
conditiona, paas in course of time from one hygromettic 
extreme to the other. Under the maximum rainfall, and 
especially if this rainfall is fairly distributed throughout the 
year, vegetation will mostly flourish ; and, with an abundant 
vegetation, will occur also more or less abundance of animal 
life. Bivers flowing into the lakes will (as the Jordan does 
into the Dead Sea, for example) transport more or less of 
this organic matter into the lake, where the concentration of 
salts is in progress. Under these conditions, as we shall 
presently see. results very dillerent in their nature from those 
that obtain under more arid conditions will obtain. If, on 
the other band, the nature of the precipitation is such that, 
if the maximum, it falls in large quantities at a time, and 
without regular recurrence, or if the rainfall is nearer the 
minimum above-mentioned, then vegetation (except of the 
scrubbiest kind) cannot maintain its existence. The soil 
becomes bare, and is frequently drifted from place to place 
by the wind, animals disappear, and the place becomes a 
desert Under these circumstances, little or no OTf;amc 
matter flnda its way into the lake, concentration goes on 
apace, and the chemical reactions arising from the deposition 
of the various salts carried in by rivera differ in most 
important respects from those in the alternative case just 
considered. 

As bearing upon the nature of the changes that ensue 
under either set of conditions, I can hardly do better than 
abstract, as nearly as possible in the author's own words, the 
substance of an address to the Geologists' Association, by 
W. H. Hudlestou, F.R.S., " On the Geological History of Iron 
Ores." ' [Iron dissolved in tlie first instance from the rocks of 
the land by the action of the humic acids and their ultimate 
term carbonic acid, eventually become diffused through 
the waters of the rivers and lakes. Those parts of the aolu- 
tion which are near the surface of the water seize upon an 
additional molecule of oxygen, thereby losing their carbonic 
acid and becoming transformed into ferric oxide, which 
immediately combines with water to form ferric hydrate, in 
' Prac. Qeol, Auoi^., vol, zi., No, S, pp. 101-141. 
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ich state it at once sinks to the bottom. If at the bottom ^^H 

the lake there exists any decomposing vegetable matter, ^^H 

wii3 brings about a redissoUition of the ferric hydrate, owing ^^ 
to the abstraction of the extra molecule of oxygen by the 
carbon of the decomposing vegetable matter. This extra 
molecule of oxygen helps to form one or other of the humus 
compounds, which, having a powerful affinity for iron, quickly 

dissolve it, and carry it back again into solution, where it i 

goes through the same changes as before. Solution and ^^H 

precipitation thus follow each other indefinitely. In those ^^| 

cases where decomposing organic matter at the bottom of the ^^| 

lake is small, or is absent entirely, then the balance is in ^^H 

favour of precipitation — the iron ore taking the form of the ^^| 

nearly indestructible ferric oxide, which becomes diffused ^^| 

through all the permeable strata at the bottom of the lake ; ^^| 

and the quantity of iron accumulating will be limited only ^H 

by the two factors of the rate of supply and the duration of ^^| 

the conditions referred to. Where, oa the other hand, decom- ^^| 

posing organic matter in any quantity is present in the lake, ^^| 

the iron can never be precipitated as ferric oxide, but will be ^^| 

diffused through the strata in the foi'm of the feiTic hydrate, ^^H 

or, under particular circumstances, as ferric carbonate. ^^H 

Reduction renders iron soluble and locomotive : oxygenation ^^H 

arrests locomotion, and Hxea the iron on the spot in the form ^^H 

of the ferric oxide.] ^^H 

All this is in perfect accordance with the facts met with ^^^ 

in the field. In all strata which are coloured red by ferric ^H 

oxide at the time of their deposition, there is a conspicuous ^H 

absence of vegetable matter in any form. Bitnminoids, ^H 

also, are absent in this case, fiut if, in connection with ^^| 

these Tied Eocks (be their position in the geological scale ^^| 

what it may), there occurs a zone of strata in which the rocks ^^| 

are not coloured red by original ferric oxide, it is in that ^H 

zone that organic remains may be expected to be met with. ^^| 

The grey beds of the Forfarshire Flags present us with a good ^^| 

illustration of this principle. ^^H 

It may be remarked here that the infiltration of ferric ^^| 

oxide from the lake bottom into the strata beneath may ^^H 

proceed to a considerable depth. In the case nf the Carboni- ^^| 
TOL. .\iU. Z ^^^^^H 
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ferous sandstones underlying the New Red Eocks, for 
example, feirnginous staina from this source have been traced 
to a depth of 600 feet below the base of the stratum whenu 
the colouring matter origiuall}' came. In this case, however, 
the abundant diffuaion of matter of vegetable origin in the 
Carboniferous Uocks so affected has led to considerable 
modifications of the colouring effect, aa might be expect«d to 
be the case on a consideration of the facts stated above. 

If, now, we attempt to reason back from effects to causes, 
we seem to be perfectly justified in concluding that any 
extensive tract of strata which are coloured, originally, by 
ferric oxide, must have been formed in inland lakes, under 
conditions of aridity, if not actually under desert conditions. 
We must be quite prepared, in studying such rocks iu the 
field, to find evidence of changes in climatal conditions ns we 
trace the strata upwards in the order of deposition. A red 
stratum, indicating arid conditions during its formation, 
may overlie or may be succeeded by another stratum formed 
under climatal conditions of quite a different kind. Such 
beds 03 tliese, coloured usually with fenic hydrate, and 
therefore yellowish or brownish to begin with, may he 
affected afterwards by later iufiltratiDus, which may con- 
siderably modify the original colouring. Mr George Maw, 
of Broaeley, has given us much interesting information 
upon this head. A stratum, red from causes acting at 
the time of its deposition, can usually be distinguished 
with ease from one in which the colouring is of secondary 
origin. 

These facts warrant us in coming to the conclusion Uiat, 
under whatever conditions the Lanarkian Eocks, as a whole, 
were deposited, their red sandstones mark the result of desert 
conditions. The brown and grey beds of the Caledonian Old 
lied mark a change in climatal conditions. Like its older 
analogue, it was formed in inland lakes; but the wide 
diffusion of ferric hydrate, and the occasional occurrence 
of grey bands, show that the earlier part of the period was 
one during which the conditions ranged from sub-arid to 
sub-humid. On the platform where the grey, fossiliferous 
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beds come in, we have, it seeina to me, evidence of a tem- 
porary return to humid conditions, which were followed, 
when the Strathmore Sandstones were in course of forma- 
tion, by arid conditions once more. Beasoning on the same 
lines, we may also conclude that the commencement of the 
period when the Orcadian rocks were formed was one in 
which arid and sub-arid climatal conditions prevailed. Oa 
the other hand, the bituminous nature of the cement of the 
Caithness Flagstones, properly so called, appears to me 
warrant the belief that humid conditions, favourable for 
the growth of vegetation, followed the arid conditions by 
which the earlier part of the period was characterised. The 
red beds overlying the Caithness Ilagstones suggest yet 
another return to conditions unfavourable to the development 
of vegetable life. These and other mutations of climate of 
a similar character finally gave way to those under which 
the varied aud abundant flora of the Carboniferous Period 
ushered in. 
Reverting to the Caithness Flagstones, we find that some 
ftoints of importance still remain to be considered. To 
understand these, we must now review some further chemical 
reactions arising from the peculiar combination of conditions 
that usually obtain in inland lakea One of the most im- 
portant of these relates to the presence in river-waters, and 
hence also in the lakes, of solutions of sulphate of lime. 
This, on coming into the presence of decomposing organic 
matter, and especially matter of vegetable origin, undergoes 
reduction, with, finally, the liberation of the lime in the 
form of carbonate, which may go down in such a form as to 
remaiu in a state of diffusiou throughout the strata forming 
at the time, or else may, eventually, separate into concre- 
tions. Very few river-waters are free from some carbonate 
of magnesia, especially in the case of rivers draining areas 
in which rocks containing the ferro-magnesian silicates 
occur. Hence dolomite may be formed. The same may 
happen even where the disintegration of the ferro-magnesian 
silicates is effected by the alternate expansion and coutrac- 
due to great diurnal ranges of temperature, such as 
lally prevail where the percentage of aqueous vapour 
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present in the atmosphere is below the average amount 
Where vegetable matter is carried into the lakes in lesser 
quantity, changes of a different nature occur; but with these 
we are not at present specially concerned. 

In regard to tiie effect of these concentrated solutions of 
sulphate of lime and other salts upon the vegetable matter 
itself, we have as yet no absolutely certain data upon which 
to base any satisfactory conclusions. But we are enabled, it 
seems to me, to form some general idea of the nature of the 
chemical processes which go on under these circumstances 
by studying the field evidence, and by noting the facts 
common to a large number of cases where deposits of 
gypsum occur. Briefly summarised, the facts gleaned from 
these sources of information are these : — There is a very 
common, one might almost say, universal, association of rock- 
salt and gypsum with two types of strata In one of these 
the associated strata are coloured by ferric oxide, and in that 
case not a trace of any kind of vegetable matter, or of 
bituminoids derived from it, is to be found. In the other 
case, where the gypsum is associated with rocks which are 
not coloured with ferric oxide, traces of vegetable matter are 
occasionally, but rarely, present, and then in a more or leas 
bitumiuised form ; but the rocks themselves are often, so to 
speak, saturated with one or other of the hydrocarbon 
compounds, amongst which bituminoids usually occupy a 
conspicuous place. There appears to be some reason to 
believe that what happens in such cases is that a cross 
reaction takes place between the decomposing vegetable 
matter and the solutions of sulphate of lime. Precipitatioa 
of lime in the form of carbonate is one result, and the other 
would appear to be the rapid maceration of the fermenting 
vegetable matter, and the conversion of that macerated 
vegetable matter into one or other of the bituminoids, in 
which form it is diffused throughout the rocks forming at 
the time at the bottom of the lake. 1 am disposed to regard 
this as the origin of the bitumen found in the Dead Sea, and 
in so many other inland lakes into which vegetable matter 
is drifted. Even in the case of the Iltcb Lake of Trinidad, 
it seems to me that the uprise of water containing sulphate 
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of lime, which on its passage to the surface passes through 
beda of peat, is quite sufficient to account for the phenomena 
in ([uestion. The very common association of deposits of 
sulphur with those of these hituininoids points also to the 
same conclusion, as this would represent one of the ultimate 
ucta of decomposition of the sulphate of lime. 
Given conditions of inland drainage where the nature 
tX the rainfall witliin the drainage area permits of the 
growth of vegetable matter, it seems to me that all the 
rest follows as a necessary consequence. The sediments 
formed under such conditions would contain in a diEfused 
form — (1) limonite (ferric hydrate); (2) calcareous or 
dolumitic matter; (3) hituminoida in quantity proportionate 
to that of the vegetation carried into the lake. They may 
contain in addition deposits of rock-salt and gypsum, together 
with any of the "abraum" salts Commonly associated with n 

Ktiiese. But they will contain no iron in the form of ferric ^^H 
■kicle. ^B 

I should therefore regard the red parts of the Old lied 
(whether io the Orcadians or other) as having been deposited 
in areas of inland drainage at a time when the climatal 
conditions here were in the main too arid to permit of the 
growth of almost any vegetation. On the other hand, such 
grey, bituminiferous beds as the plant-hearing beds of the 
Caledonian Old Red, and also the Caithness 
proper, represent other parts of the Devonian Period when 
conditions of inland drainage still prevailed, but when the 
climate for the time being approached the normal, or humid 
type, and when, in consequence, vegetation nourished. 

It is to the action of weak solutions of sulphate of lime 
njion the vascular tissues of such of tliis vegetable matter as 
was swept into the old inland lakes, that I am disposed to 

Eie formation of the bituminoid cement of the 
_ 
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XXIV. lUsvlit of McltOTolotjical Observations iakett i 
burgh dtu-inij 1896. By R. C. Mossmas, F.K 
F.RMet.Soc. 

(iUftd iniiHarchl8B7.) 
During the past year the bi-diurnal observationa have been 
taken, aa in previous years, at 9 A.M. and 9 p.m. The instni- 
meuta used are those described in former reports. No change 
has taken place in their exposure or position, and no additions 
have been made. The antomatic instruments, which yield 
continuous records of pressure, temperature, humidity, rain, 
and sunshine, have worked without interruption throughout 
the year. As in past years, detailed weekly and monthly 
returns have been sent to the Scottish Meteorological Society, 
the Eegiatrar- General for Scotland, the Meteorolt^cal Office, 
and to private individuals. The reduction of the accumulated 
mass of observations taken in Edinburgh from 1731 to 1730 
and from ITfiito 1896, has been completed and commuuicated 
to the Koyal Society of Edinburgh.' Full particulars aie 
there given as to the data utilised iu the calculation of 
the mean values contained in the annual returns hereto 
appended. 



Remaiiks on toe Meteorology of 1896. 
January. — The outstanding feature of the meteoroli 
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the month was the phenomenal elevation of the barometer, 
which culminated at 9 a,m. on the 9th in the highest baro- 
metric reading ever taken in Edinburgh— viz., 3r072 inches. 
The next highest value observed during the last 127 years 
was 31 '058 inches, on 9th January 1820. During the greater 
part of the month the weather was dry, aunny, and mild, the 
mean temperature being i'^ above the normal. The mean 
barometric pressure was the highest since 1880. 

February. — The characteristic features of this month were 
a high mean temperature and barometric pressure, small rain- 
fall, and a good deal of sunshine. The mean temperature was 

' The Meteorology of Edinbargh, put i. — Traiu. Boj, Soc. Ediii., 
rul. ixiTiii., p. 681. Part ii. wm (wnunuiiicated to tbft Society on lit 
Match 13B7. 
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^H^2 above the average, the days being 2"'?, bat the nigbta S^'S 

■warmer than the normal. There was little appearance of 

winter throughout the month, except on the 2Gtb, when 

snow showers fell, 

March. — Low pressure prevailed throughout the greater 
part of the month, with a high mean temperature, a consider- 
able percentage of sunshine, and a precipitation slightly 
below the normaL Tlie weather, as a whole, was rough and 
unsettled — snow, hail, and rain being of frequent occun^ence. 
The lowest pressure of the year occurred on the Si'd, when 
the corrected reading was 28'299 inches. A strong gale was 
experienced on the 2ud, and again on the 16th. 

April. — Very fine weatiier prevailed during the greater 
pnrt of the month, the mean temperature being 48°'8, or 4''-0 
above the average. The only warmer Aprils back to 17C4 
were 1844, 1821, 1708, 1796. 1792. 1788, and 1785. The 
warmth was pretty equally partitioned between the day and 
the night, the maximum being S"-? and the minimum 4°'3 
above the normal. Tlie rainfall was less than an inch, and 
there was no heavy fall on any day. 

May. — The weather was quite phenomenal, the month 

being the warmest May since 1848, the driest since 1859, 

and the sunniest since 1882, while the mean barometric 

pressure was the highest, with one exception — 1836 — since 

the record commenced in 1709. The warmer Mays since 

1764 were those of 1784, 1804, 1833, and 1848. The mean 

temperature of April and May was 51°-8 — being absolutely the 

highest for these two months froui the records of the last 

133 years. The mean temperature of the live months, 

■lanuary to May, was 45°'8, being only exceeded by the record 

year, 1779, when the mean for the period under review 

was 46'-0. The rainfall for this period was only 4-81 inches, 

the least since 1805, when it was 4-35, In 1771 the downfall 

^ £br the first five months of the year was 4'56 inches, 

^v JuTie. — During the first half of the month the wind blew 

HMoadily from the east, with very little sunshine, and heavy 

^fain. Tlie hills around the city during most of the time were 

enveloped in mist, which sometimes desceudud to the level 

of the station. During the second half of the month the 



330 



Procsalin-j.-- of ike Roynl Physknl Socifly. 

whole line, although u good deal of raiu 
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weather was uii the v 
wus recordcJ. 

July. — Wcl iiiideltled weather predominated, although 
pressure wua above the normal. The mean temperature uf 
the days was half a degree under, but the nights over a 
degree above the mean, the diminished range being due t« 
doudy skies. With the exception of a heavy fall of rain on 
the 8th, the meloorological conditions were featureless, most 
of the elements approximating closely to their averages. 

Avgiist. — Although rather a cool month, the weather, as a, 
whole, was much finer than in any August during recent 
years. The rainfall amounted to little more than half the 
average, and a good deal of sunshine was recorded, there beiug 
only one sunless day. 

September. — Exceptionally dull weather prevailed during 
practically the whole month, only GO houi^s bright sunshine 
being recorded, or only 16 pei' cent, of the possible. This 
was the smallest amount of sunshine registered in September 
since 1881, which had 58 hours. In the first fortnight 
there were eight sunless days, only 2i hours sunshine 
being recorded. As the result of the sunless weather, the 
mean of the day temperatures was over two degrees below 
the average, while the night values were about a degree above 
the normal. Heavy rain fell on many days, the downfall fur 
tlie month being a third greater than the mean. There was 
a great deal of mist during the prevalence of the easterly 
current, which continued till the 14th. 

October. — The weather of October was very cold, the meau 
temperature being 4°'0 below the normal, and the lowest 
since 1817, when the depression of temperature amounted to 
5°'2 : the only other instance of such exceptional cold so 
early in the secison was in 177S, when the October mean was 
4''"6 below the normal. Sunshine was deficient, and heavy 
rainfalls were frequent, over seven-tenths of an inch falling 
the 7th, 10th, 18th, and 19th. Snow fell on the 10th. 
The month's sunshine total of 58 hours was the lowest since 
1886, which had 34 hours. 

N'&vembcr. — Dry sunless weather prevailed throughout 
the month. Only 065 inch of rain fell — the lowest for 
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Nuvember since 1815. The sun shone on only 22 hours, 
tho next lowest back to 1800 being the Novembers of 1887 
and 1888, when 33 hours bright sunshine was recorded. The 
luutiTi barometric pressure wna 0'320 inch in excess o£ the 
normal, being the highest since 1879. The mean daily 
range of temperature, owing to the overcast skiea, waa 
very small 

December. — December was a most unsettled month, with 
only ten hours sunshine, being barely one-third of the 
average. In 1890 only seven hours sunshine was recorded, 
but, with this single exception, the month under review waa 
the most sunless sint'e the commencement of the record in 
1800. No sunshine was recorded on 25 days, or 11 more 
tlian the average. 

NOTEWOETQY PnENOMENA IN THE MkTKUUOLOGY OF 189lJ. 

Highest barometric reading 31-072 inches, on January fllh. 
at 9 A.M. 
^^Lowest barometric reading 28'299 inches, on March on). 
^fc 3 P.M. 

^HSighest temperature in shade 78°], on May llth. 
^HLowest temperature in shade 23'''8, on December lat. 

Greatest range of temperature 33'''2, on May llth. 

Least i-ange of temperature 2'''2, on November 13th. 

Kghest temperature in sun's rays (black bulb therniomettr 
in vacuo) 133''-9, on July 20th. 
eatest excess of sun maximum over shade maximum ()2°'C, 
on July Ist. 
Lowest temperature on grass 19°'9, on December IsL 
Greatest difference between minimum on grass and in shade 
9°'4, on November 14tli. 

niest days May 25th and 26th, with 14*6 hours bright 
sunshine, being 87 per cent, of the total possible. 
;est day October 8th, average velocity of wind 208 
per hour. 
ktest daily rainfall 123 inch, on July 8th. 
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Wind fi-om Obiervaiions made at 9 a.m. and 9 P.M, Numh^ 
of Days it Hew from certain directions. 
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XXV. Notes on the Afolltcsca of the Laminarian Zone at Zeiih 
By J. G. GooDCHiLD, H.M. Geological Survey, F.Z.S., 
M.B.O.U. 

(Read 17th March 1897.) 

In studying the molluscan fauna of any marine area below 
tide-marks, the only means usually available for the purpose 
is by dredging Much useful work can be done by such an 
instrument as the dredge, especially when it is in the hands 
of skilful and experienced operators; but at the best, one 
obtains by such means only a number of small samples of 
the material to be studied, which are gathered, so to speak, 
almost at random. The dredge is, therefore, by no means a 
perfect instrument of investigation when it is desired to 
study the molluscan (or other) fauna of any given marine 
area. It is only on very rare occasions that one has an 
opportunity of studying the mode of occurrence of such 
organisms in situ over an area of any considerable extent. 
One opportunity of doing so is now (March 1897) presented 
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by the excavations being made in the Firth of Forth at 
Leith for the New Dock Extenaion works, by which some 
recent shell-hearing strata are being laid bare. Here an 
area of many acres in extent has been enclosed from the sea 
by an embankment, and has been drained partly by gravita- 
tion, partly by pumping, and is now in proceas of excavation 
to a depth of about 25 feet under the level of low water. 

In the present notes upon the shell-bearing strata, the 
chief object kept in view is the origin of the marine 
mollnscan fauna of the Firth of Forth, with especial refer- 
ence to that contained in the shelly sands just referred to. 
To this end it will be best first briefly to pass in review the 
history of such of the later physical changes the district has 
undergone, so far as these have any bearing upon the chief 
points under consideration, or as the statement of these facta 
may enable the reader more easily to grasp the significance 
of both the facts themselves, and the conclusions to be drawn 
from their consideration. 

Britain, prior to the Glacial Period, appears to have stood 
for a long time at a much higher elevation above the aea 
than it lias at present. This difference in elevation may 
have amounted at one time to COO feet, or even more. It 
was under these geographical conditions that the present 
Kiver Forth and its tributaries, aided by the ordinary agencies 
of surface denudation, excavated the valley to something like 
its present form. Under such conditions the North Sea, at 
the time referred to, did not exist. Wliere that sea now is 
was then a broad plain, through which the Rhine, receiving 
as tributary streams all the rivers on the east of Britain, 
fiowed northward, and discharged its waters into the Atlantic 
on the north-western side of Scotland. The margin of the 
Atlantic under these conditions coincided, or nearly so, with 
the present 100 fathom line off the west of Britain, We are 
concerned at present mainly with the fact that there was no 
sea-water where the North Sea is now ; and, of course, 
equally so with the fact that there was no sea-water where 
is now the Firth of Forth. Off the west of Scotland the sea 
washed the margin of the land, and the causes which gave 
rise to the Gulf Stream then, as now, helped in the transfer 
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of warm water, and of air charged with aqueous vapour, from 
the south-western regions of the Atlantic to the region lying 
far to the nortii-ea.st. 

While the land stood at the higher level referred to, and 
the sea was excluded from the North Sea area, the climatal 
conditiotis on the eastern aide of Britain were decidedly colder 
than at present, as a direct consequence of that elevation, 
and the exclusion of the sea. Rapid condensation of the 
vapour-laden currents of air travelling north-eastward with 
the Gulf Stream resulted in consequence. On the west of 
Britain, and of Norway, tliia precipitation took the form of 
rain, while on the east of Britain and of Scandinavia, tlie 
same precipitation was congealed into the form of snow. 
The east of Scotland, therefore, experienced a colder climate 
than was found in the west Kain fell on the one side, snow 
on the other. Hence arose glacial conditions. Snow once 
on the surface, the temperature of the superincumbent air 
could not rise above the freezing-point. So matters, so far 
as climate is concerned, went on from bad to worse, until in 
the end — the east of Scotland first, and eventually even the 
west, became enveloped in a thick mass of ice. This flowed 
outward from the principal areas of high ground over the 
low lands adjoining, modifying the surface features to 
an extent that is not yet fully appreciated even by 
northern students of glacial geology. Great quantities of 
detritus were transferred within the ice itself (possibly some 
even on it, and some beneath), and these eventually, when 
the movement of the ice ceased and it began to melt away, 
were left beneath the ice as a kind of sediment, which now 
forms the Till ; while the material liberated near the surface 
was washed down tiie gradually-widening crevas-ses. and 
eventually left as Eskers or Kaims.' 

When rain falla on the surface, most of it flows off under 
the influence of gravitation, and the load upon any given 
part of the earth's crust is not perceptibly increased. When 
snow forms and gives rise to glaciers, the load on the surface 

■ Tliia oxpIanslioD, which U now woll kaown ratAet the title of the 
tnglacial tlioory of the origin of glaoiil doposits, wm flrat put foriranl lijr 
thfepment writer in K paper "On Drift," GealogicolMagai^ina, NavBinberl874. 
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is increased in proportion to the thickness and extent of the 
mass. In Scotland, the whole country was enswathed in ice 
at the climax of the Glacial Period, which ice could not 
have had a thickness less tliaa 2000 feet around Edinburgh, 
and ninat have been even considerably thicker than that 
nearer its source. 

Many physicists are of opinion that the earth's crust 
everywhere is always in a condition of unstable equilibrium, 
ready to rise if a load is eased ofl' it at nny part, equally 
ready to sink if a load is placed upon it. Hence the loading 
of this part of the earth's surface by a lieavy mantle of ice 
may well have resulted in a slow and gradual subsidence. 
Whether the cause alluded to is or is not the correct one, 
is not very material for the present purpose. But it is 
certain that after the climax of the glacial conditions was 
reached, the land here began to subside. As I hold that the 
Gulf Stream was in operation all through the Glacial Period 
(and, indeed, was the primary source of the snow by which 
the glaciers and the ice-sheet were nourished), it follows that 
with each foot of subsidence an increasingly-larger area was 
covered by the sen, and a rapid amelioration of climate 
ensued in consequence. In the meantime, cold surface- 
waters still favoured the southward migration of the fry 
of Arctic Mollusca (and other marine invertebrates). There- 
fore, as the land subsided, and the sea gained admittance to 
the area now occupied by the German Ocean, communica- 
tion was established with the Atlantic and the old valley 
of the Forth, into which the sea for the first time gained 
admittance, while the southern entrance to the German Ocean 
was barred by the chalk hills (since broken through) between 
Dover and Calais, 

The first marine fauna of the North Sea, and therefore 
of the Firth and the estuary of the Forth, gained admittance 
as fry home along by surface currents entering this area 
from the region between Scandinavia and Shetland. Such a 
fauna bad necessarily an Arctic facies, and could not well 
include many Celtic or Lusitanian forma of Mollusca, such 
as held their own, perhaps through the whole of the Glacial 
Period, in the area to the west of Britain. 
H VOL. xin. 2 A 
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The ptogenitors of the present Invertebraia of the Forth 
wore thus exclusively boreal and arctic in character, in which 
respect they differed materially from the contemporaneons 
fauna of the west of Scotland. The latter fnunn included, 
in addition to the true northern fonue that came in with 
the arctic conditions, many others whose constitution and 
previous history enabled them to adapt themselves to changed 
conditions, and to maintain their ground, more or less, along- 
side that held by the northern invaders. 

It was near the close of the Glacial Period proper, and 
when the land stood one hundred, or perhaps two hundred, 
feet lower than it does at present, and while the waters of the 
Forth were rauddy with the clay liberated from the melting 
of the floating ice drifted both down and up its channel, that 
the boulder clays of Leith Docks, Portobello, EUe, Errol, etc, 
were formed. And it was at this period that the parent stock 
of the present molluscan fauna of the Forth 6rst gained 
admittance here. This fauna has long been known to have 
possessed an exceptionally arctic character, which is strikingly 
shown by the nature of the sheila found at Elie. 

No shells of any kind have rewarded a very careful and 
oft-repeated search in the boulder clay at Leith Docks. It 
may well be, aa Mr Peach has suggested, that at the time 
this clay was being formed the quantity of mud in the water 
was so great, and the surface temperature so low, that even 
arctic MoUusca could not well establish themselves. That 
they lived near here, however, is abundantly proved by the 
shells in the deposit of the same age at Elie. 

Under ordinary circumstances, and supposing that no 
important changes of level occurred, it might be expected 
that a colony of marine Mollusca established under these 
conditions would have lived on with but little modification, 
and with the disappearance of but few species, through the 
succeeding periods down to the present day. The changes 
of climat-e that have ensued since the Glacial Period embrace, 
it is true, some considerable oscillations of temperature ; but 
then it has to he romemhered that it is chiefly on the land, 
and to a very much lesser extent on the surface of the sea, 
that the influence of tliese climatal changes is made manifest. 
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There is no reason why, with the amelioration of the climate 
that has followed the Glacial Period as a consequence of the 
subsidence referred to, the MoUusca found at Leith, for 
example, should not cloaely correspond with those still 
found, under similar conditions of bottom and depth, off the 
north-west of Scandinavia. Or, if that were not the case, we 
might reasonably expect a transition in the character of the 
molluscan fauna as the strata representing the deposits of 
the successive periods are traced from those of the Glacial 
Period up to those lately found at Leith. This, however, is 
not the ease. At Leith, instead of there being a transition 
in petrographical character from the deposits of glacial age 
up into those of later date, and a similar transition in the 
respective faunas, we find the sands which overlie the 
boulder clay there succeeding the boulder clay abruptly and 
without any signs of a passage, while the molluscan fauna of 
the sands referred to (which are from 12 to 15 feet in 
depth, according to the form of the surface upon which the 
sands lie) is from bottom to top virtually the same, and 
contains, in fact, exactly the same kinds of shells &b those 
living on a sandy bottom from low-water mark to a depth of 
3 or 4 fathoms in the Forth now, 

What has happened is not difficult to explain. As the 
glacial conditions gradually died away, and deposits of the 
normal type began to be laid down upon those formed under 
arctic conditions, there has been a tendency for the land as a 
whole to rise towards the level it had in former times. With 
each uprise of the land the gradient of the bottom of the 
Forth has been increased proportionately with the differ- 
ence of level established, and an increased How has been 
imparted to the bottom-waters, with the result that one 
deposit after another, together, of course, with their included 
organic remains, has been swept seawards and rearranged. 
The formations contemporaneous with each of the newer 
raised beaches (which deposits might have been expected to 
contain records of the life of each of these periods) have beeu 
one after the other swept away. The boulder clay itself 
being probably very thick to begin with, and being, moreover, 
excessively tough and difficult of removal, has in great part 



4 



J 



r 



proceedings of thj: R-iyai Physicn! Society. 



1 



survived these changes, and is now directly — one rai;;ht 
almost aay, unconformably — surmounted by a deposit of 
saud and loam, which, for aught one could determine to the 
contrary, may well have been laid down entirely since the 
days of the Komans. 

We may now notice the shells as they actually occur. We 
find, as might be expected, more or leas of a mixture of species 
here. There are some sheila which have travelled downwaida 
from the beach under the in^uence of gravitation ; some 
again which have been washed up from lower laminarian 
zones during storms ; some few which may have drifted down 
stream from muddy or rocky bottoms higher up the Forth. 
With these there is a fairly-large percentage of shells which 
lived on tlie spot. IjMking at the assemblage as a whole, 
what must strike the observer is the small percentage of 
carnivorous Mollusca as compared with the abundance of both 
individuals and species of the forms that are vegetable feeders. 
Even though an abundant food sufiply would easily be 
ohtiUned oo the spot, the only indigenous siphonated gastero- 
poda were a small number of Purpura tapillus, a fairly large 
percentage of small examples of Nassa incrassata, a. few of 
Trophofi truncatvs, and three examples of Jifurex erinacevs. 
Not a single example of Fusua antiquvs. and only some 
evidently 'drifted shells of Biuxinum undatum, were met 
with. 

Of the holostomatous Gasteropoda there were seen examples 
of LUtorina lUtorea, which may have rolled downward from 
the beach; some few of i. obtusatn and L. nulis; one speci- 
men of Lacu.na divaricata, which may have drifted hither on 
seaweed. With these, and probably brought liere in the 
same manner as the last, were several examples of Risso" 
striata and Hydrobia tdvit. As might have been expected, 
Paiella vulijaia occurs tn more or less abundance, but as the 
deposit is mainly sandy, the examples met with are almost 
certain to bo drifted. Patina pdlucida probably came with 
floating seaweed, aa may also the example of Tectura tatu- 
dinalis. Trochus cinti-arius is common. Two specimens of 
Aporrkaii pes-peUcani were met with. No specimens of 
Ifatica were seen, although N. catena is known to occur on 
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Isith sands. The last gosteropod in the list is TwrrUella 
ftbra, which is, of course, common. 
The Lnmellibranchiata are abundantly represented, all the 
rms that occur on the east of Scotlaud on sandy bottoms at 
depth down to that of a few fathoms being more or less 
well represented. In the followinjj list the species are stated 
iu the order of the numerical abundance of the individuals ; 
those which occur also in deposits of late glacial age being 
denoted by a prefixed asterisk : — 

'Tdlina baltkica, 'Cardium edvle; *Mya arenaria, of 
which a great number of shells, about one-third the size of 
the adult, occur in the position of growth j "Mya truncala, 
'Artemis lincla, 'Tdlina tenuis, "Tapes dccitssatiis. Tapes 
pullastra, Solen eiisis and Solen siiiqita, * Venus striatula (or 
gallina), 'Mactra solida, MactTa stuUoruvi, Maetra subiruncata, 
Venus fasciala, *Peclen opercularis, "Peeten pitsio; *Mytilvs 
tdulis, mostly drifted ; 'NiKula nucleus, *Corbula gibba, 
starte compressa, *Lcda minuta, "Cardium echinatum, 
rina islaiidictt, *Lidraria elliptica, Syndosmya alba, 
"liracia phaseatina, *Donax viltatus, *Psammolna ferroeims, 
Cryptod/m fiescuasiis. 
Saxieava, Pkolas, Oslrea, were hardly to be expected on & 

Pttom of loose aand, Anomia fphii^um,of which two small 
ftmples were met with, probably came with seaweed. 

A glance at the list shows that, along with many shells 
that occur in the glacial deposits of Elie and EitoI, there 
occur others that are not found in those places. Some few 
species common in deposits of late glacial age, and which 
have probably at one time lived here, are conspicuous by 
tlieir absence. This is, of course, partly due to the conditions 
of bottom and depth under which the MoUnsca found in the 
shelly sands at T^ith have lived. Rut much of the difference 
arises from the numerous oscillations of level that have from 
time to time aflected this part. This is almost as potent a 
factor in its relation to the well-being of the MoUnsca that 
live in waters of no great depth as the amelioration of the 
climate. The othfr chief factor in bringing about the bio- 
logical change referred to has been the gnidu&L immigration 
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of niolluscan try from the warmer aurface-waters of the 
Atlantic by way of the channel between Scandinavia and 
Shetland, and perhaps to even a greater extent by way of the 
Straits of Dover, which, as a channel of communication 
between ihe Atlantic and the North Sea, lias only recently 
been eatablished. There 19 thus a certain amount of com- 
]ietitioa going on between the shallower- water MoUuaca of 
boreal and arctic origio, and the forms proper to the same 
conditions which are finding their way in from Celtic or 
Lusitanian provinces. It is only in the deeper parts of the 
Firth of Foilli, which have not been aflected seriously by 
the changed conditions, that we have any reasonable hope 
of meeting with the descendants of the primal stock of the 
Mollusca occurring at Leith. 



M.B., 
la^^^ 



I 



XXVI. On the PostpoTKment of the Oermirmlion of . 
Seeds vf Aqyiatic PlanU l!y H. U. GCITY, M.B., 
Pearl Harbour, Oahu, Hawaiian Islands. 
[liuadl7tliMMt:lil8S7.) 

Tlie postpoDGmcnt of the germinating process in the i 
of aquatic plants displayed itself iu the course of a la^ 
number of experiments conducted ne^r Loudon between 
1891 and 189G. That germination may be deferred to the 
third, fourth, and fifth years is sufliciently demonstmtcd in 
the appended Table of results ; and from those experiments 
still in progress, it may he presumed that instances of a still 
greater delay will be in time afforded. This capacity is not 
necessarily connected with the hardness or with the imper- 
meability of the seed-coverings, as is well shown by the 
behaviour of LimnaTUkemuvi, although tho stony fruits of 
Potamoffeton and Sparyanium exliibited it to a more marked 
extent 

Unless otherwise indicated, the results given for aquatic 
plants in the Table were obtained from seeds and fruits never 
allowed to dry. A variety of other inlluences affected the 
experiments, such as those connected with the temperature, 
the amount of light, the employment either of water or of 
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'et mud, influences, however, that would also greatly diffiBT 
;l>n(ler natural conditioits. A coUBiderable number ol' special 
iwtperinients were also made on the effects of light, of drying, 
ice, of the removal of the seed-coverings, and of the inllu- 
of sea-water immersion. Their addition to the Table 
would not only have swelled it to twice its size, but would 
bavQ obscured its principal purpose, that of exemplifying 
the postponement of germination. Their results, however, 
will he given in the text when dealing with the individual 
plants ; hut those relating to temperature will remain for 
future treatment, the errors likely to spring from this source 
being guarded against by preserving the same thermal coa- 
ditions in all cases of special experiments. 

With regard to the influences affecting the germination of 
NuphaT luieum and Nymphaa alba, which stand first on the 
list, it may he at the outset remarked that the seeds of the 
first plant are less liable to decay in water than those of the 

icond. During the first two years of Experiment 2, only 
1^ per cent, of the Nuphctr seeds rotted. In Experiment 5, 
about 6 per cent, of the Nymphaa seeds decayed in less than 
twelve montha It will be observed in the Table that the 
seeds of Nywphasa alba germinated in much greater numbOT 
in the first year than did those of Nupkar lutcum, and that 

10 last-namud plant is better able to defer the germinating 
icess over a series of years. Drying soon deprives the seeds 
of both plants of their germinating capacity. Various experi- 
meute on seeds that had been dried, in each case, for periods 
ranging from two to fifteen mouths gave no results, the seeds 
when examined being in all stages of decay. This is doubtless 
due to the circumstance that they readily lose their moisture. 
The seeds of Nuphar lost 30 per cent, of their weight in 
days and 50 per cent, in a month, the subsequent loss 
if weight after many months' drying being very slight. 

The following experiment was made on Nuphar luieum 
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with the view of determining the influence of different ^H 
degrees of liglit on germinatiuD. A large number of aeeda ^^M 
were divided equally, and placed, on December 9th, In four ^^M 

Ells of water. Two vessels were placed in & greenhouse ^^| 
two in a room; whilat iu each case the two vessels wers ^H 
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set Bide by side bo as to eiiBure the skiuq theniial conditions, 
cue being left exx^oBed to diffused light, and the other being 
covered go as to be always in darkness. The experiment 
was prolonged to June 10th, and during this period 54 seeds 
germiualcd in the exposed vessel in the greenhouse and 21 
in the covered vessel. In the room 186 seeds germinated in 
the exposed vessel and 56 in the covered vessel, Tlie infer- 
ence is that whilst these seeds will germinate in the dark, 
they will germinate in much greater numbers when exposed 
to dilFused light. 

In Experiments 1, 6, and 7, the seeds of Nuphttr and 
Nympkixa germinated freely after being inclosed in frozen 
mud for two weeks without a thaw ; the mud was through- 
out as hard as stone. Amongst the methods of promoting 
eaily germination of Nupkar seeds may be mentioned that 
uf immersion in sea-water, as is indicated in Experimeut 4. 
With Nymphcra alba the conti'ary is the case. Of seeds that 
had been lying six weeks in sea-water, only 4 per cent, 
germinated and the rest rotted. 

The fruits of Myriophyllum «^nca(«.m germinated readily in 
most of my experiments in the year of their growth from 
September on to December. In this respect this plant differs 
from most of the aquatic plants named in the Table. Occa- 
sionally this does not happen, and tlie process, as indicated 
in Experiment 12, may then be deferred to the second year. 
Fi-ee germination occurred in the case of fruits of M. sjncaium 
that had been kept dry for eighteen months, and of those of 
if, alterniJloTum which had been kept dry for a year. Lying 
sunken in water, both in darkness and in bright diffused 
light, and under the same thermal conditions, the fruits of 
both these species germinated with equal readiness. An 
inclosure in ice for two weeks did not impair the germinating 
capacity. 

The postponement of germination is well illustrated in the 
Table in the case of the seeds of Limnantkemum ni/mpJueoitUs. 
These seeds are well able to withstand prolonged drying, and 
in the course of the experiments some germinated healthily 
in water after dayiuy for thirty months, Inclosure in ice and 
in li-ozeu mud for some weeks favours rather than hinders 
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Iigermination. In most of the experiments the seeds wera 
■frozen up during successive winters for continaous periods of 
&om one to three weeks. 

The fruits of Geraiophj/llum demersum genninateii but 
scantily in the first year, and freely in the secoud year, 

»sl>out one-fourth postponing the process to later years. Two J 
months' drying promoted early germination. Their capacity I 
in this direction was not further tested, 

Sparganium ramosum is conspicuous even among aquatic 
plants for its capacity of postponing germination over t 

» number of years. As a rule, germination is postponed alto- 
kgether to the second year ; or, in other words, of drupes grown 
•in 1893, none would germinate until I89o. This inference 
Applies to mature fruits gathered from the plant, and it is 
based not merely on Experiment 2o, but on numerous iudica- 
tions displayed iu other experiments not included in the 
Table. Experiments 20 to '22 were made on drupes found 
afloat in the seed-drift of the River Thames. A careful study 
of this matter showed that in an avert^e collection of floating 
drupes obtained from the Thames drift in the spring, between 
60 and 70 per cent, were of the previous year's growth, between 
20 and 25 per cent, of the growth of the year before that, and 
between 6 and 10 per cent, of a still earlier year, which had 
been at least two and a half yeni-s in the water. These last 
wei-e usually the first to germinate in the experiments. 

• Aquatic fowl, however, are important agents in promoting 
the early germination of these fruits. It has long been 
bown that water-birds swallow the fruits of Sparganium^ 
which doubtless they sift out of the mud at the bottom of 
ponds and rivers. The stomachs and intestines of thirteen 
wild ducks purchased in the London market were examined 

• Itij me, and in eight individuals occurred 166 stones of a 
^parganium —io all appearance S. ramosum — the number in 
«ach bird varying fi-om '■'< to 65. and nearly all being entire 
and sound. Such fruits almost all germinated within three 
months when placed in water. In one case two germinated 
within five days of their removal from the bird's stomach, 
■ Vide tho Enelisli rJiUou of tl.u Bynleinatiu UoUlbj of Lo M«iut 
uid Oucauus, 
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been dead at least a week. 
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In the stomach of a bird that 
a yeruiinating fruit was found.' 

Early germination of the fruits may also be procured by 
baring with a knife the stones of fruits gathered from the 
plant. Of drupes thus treated, 40 per cent, germinated in 
the first year. The same end can be attained usually by 
immersion in sea-water. Fruita that tloaled forty and a 
hundred days in sea-water germinated in half the cases 
during the first year. 

The drupes of Spari/nnium rajnoswrn, also withstand ice 
well. In the prolonged experiments, they germinated after 
being encased in ico during successive winters for continuous 
ptiriuds ranging from a week to seventeen days. Fruita 
that had been dried for three or four months subsequently 
germinated. 

The drupes of Sparganwrn simplex exhibit littla or no 
tendency to germinate in water during the first year, and 
may defer the process for years. Here, as with S. ramomm. 
aqnalic fowl are very effective agenta in directly promoting 
germination. Four out of thirteen wild ducks* examined by 
me contained in their stomachs 1:29 Sparganiuvi " stones," 
evidently belonging to this species. After being kept a few 
weeks, fifteen were placed iu water, and five of them germi- 
nated witiiin a fortnight As in the case of i^. ranicsuvi; sea- 
water immersion favours early germination, and the drujies 
are not injured either by being dried for three months or by 
being inclosed in ice for a fortnight. 

The mature seeds of Calla palustris float in fresh-water 
until they germinate, and, in fact, never sink. They are able 
to put off tiie germinating process lo the second year; or, iu 
other words, seeds matured iu the summer of 1893, aud at 
once placed in water, would in some cases not germinate until 
the spring of 1895, when they would be still allciat, The 
capacity of postironing the process is influenced by various 
circumstances. Inclosuro in ice favours early germination, 
as is exemplified in the Table. When never inclosed in ice 
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— as in Experiment 27 — none of tlie seeds germinated in tlie 
fii*8t year, and nearly nil in the second year. In Experiments 
28 and 29, the seeds were seventeen days in ice during the 
first winter; and iu the one case about half, and in the other 
all of the seeds germinated during the first year. These 
seeds withstand a prolonged inclosure in ice better than tho 
seeds and fruits of almost evi;ry other aquatic plant experi- 
mented on. The effect of drying for some months, and of 
prolonged Hotation in sea-water, is to put off the germinating 
process to the second year. 

Coming to the Potamogetons, it is not possible here to 
enter into any details relating to the somewhat complicated 
history of their fruits in our ponds and rivers. In such 
a case it would be necessary to distinguisli those with buoy- 
ant fruits from those without, and to look into the habits ol' 
each species in so far as it bears on the history of tho fruit. 
Here I will merely deal generally with the postponement of 
germination, and with some of the influences that favour or 
impede the process. That the delay of germination for yejirs 
is a characteristic feature with these plants is strikin^^ly 
illustrated in the Table. Whilst it is there demonstrated 
lliat these fruits can defer the process, when iu wet mud. to 
llie fifth year, and in water to the fourth year, an analysis of 
the results leads to the conclusion that in water the delay 
will be protracted on to the fifth, and even to the sixth year. 

Here, however, as with the Sparyaniuma, the aquatic bird 
sometimes intervenes as an agent, and by swallowing the 
fruits and voiding them uninjured, it prepiires them for early 
germination. The fruits of /'ofamo^etots were found by the 
author in the stomachs of three out of thirteen wild ducks — 
the total number found being forty-one, Of these fruits, 
twelve were placed at once in wet mud, and in four months 
time all had germinated, A large number of the I'ruits of 
Putamogelon natans were mixed with the food of a domestic 
duck. They were found in the droppings in quantities 
unharmed, and of these 60 per cent, germinated in the 
following spring, Of tlioae left in the vessel from which the 
duck had been fed, only 1 per cent, germinated iu the next 
spring, and another year passed before any number of them 
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germiQated.^ Fish, no doubt, similarly prepare these fruits 
for gerDiiuatiou. Darwin, in his " Origin of Species," and 
other authoi's notice the occorrence of these fruits in the 
stomachs of ftesh-water fish. They are voided by animals 
bared of their soft coats. My efforts in imitation of the 
process, by baring the "stones" with a knife, failed to induce 
early germination. 

It is of importance to determine to wliat extent these 
fruits will withstand drying. Those of Polamogeton nalana 
gttrminated freely after drying for four months, but ail rotted 
after being dried for thirty months. Those of P. ttensus 
germinated after drying for eleven weeks, but all rotted after 
drying for seventeen and thirty months. On the other hand, 
the fruits of P. crispua germinated in numbers after drying 
for eighteen months. These facts are mifhcient to justify 
the conclusion tliat Potamogdon fruits retain tbeir powers 
of germination after drying for several months. 

Having noticed that the fruits of Potavwi/elon tuttans 
germinated in water more readily in darkness than in 
diffused light, I made a special experiment with the object 
of testing this observation. A large number of the fruits 
were divided into four sets, and placed in four vessels of 
water, two being in darkness and the other two in diffused 
light, Tlie seeds of Nuphar lulcum were experimented on 
at tlie same time in these vessels, and the method of the 
experiment has been already described when treating of that 
plant. The results obtained for Polamotjcton ntUans from 
December to June, when the experiment began and ended, 
were these: — In the greenhouse, 35 fruits germinated in 
bright diffused light and til in darkness. In the room, 
226 germinated in diffused light and 217 in darkness; but 
the advantage at first was much on the side of the fruits 
in darkness, of which up to the end of March 150 had 
germinated, against 66 in diffused light. It appears, then, 
that neither light nor darkness is essential to germination, 
although darkness favours it most. The contrary inference, 
as regards the efiect of darkness, van drawn for the seeds 
of Niiphar ItUeum, which were in the same vessels, the 
' TheM dftU wera giTsn in Science Qouip tot Scptembir ISBl, 



d 



Qerminttioii- of the Seeds of Aquntir. Planfii. 



351 



experiment beginning and ending at the same time for 
both plants. It is noteworthy that with these two plants 
germination was more frequent in the room tlian in the 
greenhouse. This I attribute to the daily range of the 
water- temperature in the room being much less than that 
in the greenhouse ; and in this respect the experiment in 
the room closely reproduced the conditions of ponds and 
rivers^ 

Incloaure in ice and in frozen mud for continuous periods, 
varying from seven to seventeen days during successive 
winters, did not impair the germinating powers of the fruits. 
The effect of freezing on the general course of the experi- 
ments could rarely be appreciated. In Experiments 37 and 
38 there was no freezing, whilst in Nos. 39, 40, and 41(a) 
the fruits were frozen up for a week or two at a time during 
each winter. 

Sea-water immersion favours rather than retards germina- 
tion. Fruits that had been lying sunk two and three months 
in sea-water freely germinated, even in one experiment where 
the density had been increased by the addition of salt to 
1050. 

If the postponement of germination had depended on the 
hardness of the aeed-case, the fruits of Sagittaria sagitlifolia 
would not have been able to defer the process. That they 
can do so is shown in the Table. They are also able to 
germinate freely after a period of drying which, in two 
experiments not given in the Table, covered three and four 
months. They can also withstand sea-water immersion. 
Out of 74 fruits that floated six and a half months in sea- 
water, 1 per cent, germinated in the first year, 60 per cent. 
in the second year, and 10 per cent, in the third year. 

With regard to Damasoniuvi stdUitum, it may be here 
stated that the seeds sooner or later escape from the carpels. 
They can rest for a long time on the surface of still water, 
but sink at a touch ; and it is remarkable that seeds matured 
in July, and placed at once on the surface of water, readily 
germinated there in a few days; whilst those allowed to 

Tha ilUcnnioD or tha thermal conditioDB reqnisit« For thp germinittioii 
•qoktic planta irill be attempted id a rnturo paper. 
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sink, for the most part did not genninate until the next 
year, and until the third year, as indicated in the Table. 
In some of the experiments the seeds were dried from three 
to five months and then placed in water, the result of which 
was that they germinated freely in a few days. 

The fruits of Alisma piantajfo, as a rule, do not defer the 
germinating process beyond the first spring. In one experi- 
ment, however, ftuits found in the Thames seed-drift in 
November 1892 did not germinate until April 1894 Fruits 
kept dry during a winter germinated but scantily in the first 
year. 

When the freshly-detached fruits oi Alisma ranuneulmdfs 
are put in water, some of them germinate in a few weeks, 
but most defer the process to the next year. The effect of 
a winter's drying — that is to say, of drying for some three 
or four months — is to cause about 20 per cenL of the fruits 
to defer germination to the second year. 

The seeds or fruits of all the four species of AJismaceie 
above referred to, viz., SagittaTia tagitti/olia, Damaaonium 
steUatum, Alisma planlai/o, and A, ranuncttloides, are able to 
withstand a week or two's inclosure in ice withoat any 
impaii-ment of their germin&tive capacity. 

The seeds of Iris psevdacorus, when placed in water, 
usually do not germinate in any numbers until the second 
year, Hitherto their capacity of deferring germination has 
not been tested beyond the secoud year. The only experi- 
ment in the Table whioh comes near in its thermal conditions 
to a pond or river is No. 49. In all the others the large 
number of germinating seeds resulted from the exposure of 
the vessel to very warm conditions. A good proportion of 
the seeds float for a year and more in the seed-drift of ponds 
and rivers, and an average collection of these drift-seeds 
couipriaea some that have been at least twelve months alloat 
In the case of seeds gathered direct Irom the plant and placed 
at once in water, very few, if any, germinate in the first year. 
Out of a collection of seeds obtained from the winter drift 
of ponds and rivers, and placed in a vessel of water, between 
20 and 50 per cent, germinate in the first year under ordin.iry 
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The effect of light on the germination of these Iris seedo 
was tested ia the same vessels of water, and contempor- 
SDeou3ly with the seeds of Nuphar liUeum and the fruits of 
Potamogeton natans, as already described. Thirty seeds were 
placed in December in each of the four vessels, one iu bright 
diffosed light and one in darkness in the greenhouse, and 
one in diffused light and one in darkness in the room.' Up 
to June, fourteen seeds had germinated in the darkened 
vessel in the greenhouse, and none in any of the other 
vessels. 

Beference may here be made to one or two other aquatic 

Lplants which are not referred to in the Table. 

I The fruits of Zannickellia pahtstt'is germinate in fair pro- 
portion in the year of their growth. They also germinate 
freely in water after four and a lialf months' drying. 

The fruits of Callitriche aquatica, which, it should be 
remarked, do not float, germinated well when placed in 
water after two years' drying. They failed to germinate, and 
rotted when the drying period was extended to three and a 
half years. The opposite conditions of light and darkness 
display a marked difference in their eftects on the germina- 
tion in water of these fruits under the same thermal con- 
ditions. It the experiment is begun in the middle of the 
summer, most of the fruits exposed to diffused light germinate 
in a few weeks, whilst none or scarcely any of the fruits in 
the dark will have germinated by the autumn ; but by tlien 
exposing those in the darkened vessel to diffuse light, brisk 
germination of must of the fruits begins ia a few days. If, 
on the other hand, the fruits are kept in the dark tlirough 
the winter, few or none of them will germinate even iu the 
spring until exposed to the light. These fruits, in my experi- 
ments, readily germinated in the year of their growth. I 
have found them at the end of summer and iu the autumn 
germinating in numbers at the bottom of ponds where light 
could reach them. It, however, came out in the e-tperiments 
that a slight covering of ilufly mud, assisted by the shaile of 
the floating foliage, will in ponds prevent the sunken fruits 
Difioriinant in desclibeil in tbc roiiiarkt on NuphaT 
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from geruiinatiug iu the season of their growth, 
experiment waa germination deferred to the second year. 

With regard to Ranunculus aquatilis, it may be obsi 
that all the British varieties of this species, including 
R. hcderaceus, vera experimented ou. The achenes sink at a 
touch. Their germinative capacity is not impaired by many 
months of drying. Mauy ol' the fruits germinate iu the season 
of their growth, nnd the rest all do ao in the following spring. 
With regard to the influence of light on the germination of 
the sunken fruits, it may be said that darkness prevents or 
retards the process. This was well brought out in an experi- 
ment on Jianunculus hcderaceus, where the same thermal 
conditions were secured by placing the two vessels beside 
each otlier, one being exposed to diffuse light, the other being 
covered over so as to produce darkness. The experiment 
was begun on June ^7th ; and whilst in the exposed vessel 
all had germinated by July 23rd, in the darkened vessel only 
5 per cent had germinated up to August 9lh, when it was 
exposed to djfluae light, and in five days all but 2U per cent, 
of the fruits had germinated. This behaviour is precisely 
that exhibited by the fruits of CalliiTiehe aqttaiica under the 
same conditions of experiment 

Recurring once more to the subject of the postponement of 
germination of aquatic plants, attention should he paid to the 
latter part of the Table, where I have given examples, which 
might have been largely increased in number, of the post- 
ponement of germination in water on the part of land-plants. 
The seeds or fruits of nearly all the plants here named form 
constant constituents of the floating seed-drift of ponds and 
rivers, and that which occurred in my experiments on this 
drift, without a doubt also occurs in the pond and in the 
river.' This is not the place to enter into any detail about 
this matter. It will be enough to state that not only did 
the seeds or fruits of these and other laud-plants germinate 
in the vessels of water after floating or lying at the bottom 
for two or three years, but they performed the process com- 
pletely, and vigorous seedlings were raised from them. 

' Biver inlt wu dealt with by tba uttbor in a paper in vol. 29, Linn, 
Joura. Ilot. For poud drift u* also Scionco Gnaaiii fur October laSG. 
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There are, in fact, a lai^e number of laod-plants, not merely J 
those which frequent the river or pond si<3e, but plants ao y 
diverse in their stations as Arenaria. peploides, Syntphytvm 
eJicinaU, and Rhinanthus crisla-galli, and many of tiie British 
Labiatie of the roadside and waste-ground, that in their 
ability to germinate in water and in the early growth of the 
seedling behave practically like aquatic plants. I found water 
the beat medium for procurin<,' the germination of plants of all ■ 

kiuds of stations, and certainly the best for the observation of ^^^1 
the germinative process and of the growth of the seedling.^ ^^^| 
The results of the experiments on the effect of light od ^^H 
germination in water may be thus summed up. With I 

Ranunculus kederaceus, S, acelcratus, Nasturtium o£icinale, 
ffoltonia palustris, Callilriche aquatiea, Juncvs communis, | 

and tT. glaiicus, darkness was decidedly repressive in its ^^^| 
influence. Whilst a large number and often all the fruits at ^^^M 
seeds germinated in dill'used light, very few and often none^^^^H 
germinated in the darkness. Rut when the darkened vessd ^^^| 
■was uncovered, germiuation commenced briskly in a few ^^H 
days, and in a short time moat if not all the seeds or fruits ^^H 
were germinating. It has been shown that diU'used light 
also favours the germination of the seeds of Nupkar luteum, 
although darkness does not repress it. On the other hand, ^^J 
d&rkiiesa favours the germination of the fruite of Potamogtto% ^^| 
■aataTia more than light, The fruits of AfpiopkyUum altem*- ^^| 
jlorum, M. spicatum, StdioTia aquatica, and S. media germi- ^^^ 
nate equally well both in light and darkness. By placing 
the vessels side by side, the same thermal conditions, as . 

■ indicated by the thermometer, were obtained. ^^^B 

In conclusion, one or two general remarks may be made^^^^f 
on the capacity of the seeds or fruits of aquatic plants tO^^^f 
withstand drying. It will have been already observed that ^^^ 

I 



I 



almost all of them can retain their powers of germination 
after a winter's drying. Bui the experiments were not often 
sufficiently extended to test this capacity beyond four or five 
months. It has been shown, however, that in the case of 
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prolonged experiments aucceasful (aa a rule) results followed. 
Thus, with Limiiantkemum nymphaoidea healthy germiuation 
occurred after a drying period of thirty months, with Colli- 
tricke aqitatica after twenty-four months, with Myriophyllum 
^ncatum and Potamogelon crispiis B.(teT eighteen months, and 
with Myriophyllum nllrrniJloTum after twelve months. On 
the other hand, the seeds of Nupkar tuieum and Nymphtea 
alba lose their vitality after two months' drying, and prob- 
ably a month's drying would prove destructive to them. 

Kow, if a pond in which flourished Ranunadus aquatUia, 
Nuphar luteum, Nymphcea alba. Myriophyllum spicatum, 
CiUlilriche aquatica, and Zannichdlia polusiris was dried np 
for some months during the summer, and was refilled by the 
autumnal rains, the result would be the disappearance from its 
waters of the two water-lilies, Nvphar luteum and Nympkaa 
alba, whilst all the other plants above-named would soon be 
thriving again. This was in part illustrated in a pond near 
Kingston-on-Thames, where Ranunculus a^iatilis and Myrio- 
phyllum alCemiJtorum thrived. The pond was dried up for 
some months during the drought of the summer of 1893; 
but in the following year the two aquatic plants reappeared. 
The operation of this principle during the course of ages 
would tend to the exclusion of these two water-lilies from 
pools, ponds, and streams liable to the effects of a period of 
drought. These plants in the lapse of time would, as a rule, 
only be found in rivers, lakes, and ponds fed by rivers or 
perennial springs. This is, in fact, the case. On the other 
hand, Myriophyllum, Gallitriche, Zannichellia, etc., would 
frequent not only the waters where Nuphar and Nymphaa 
thrived, but also ditches, pools, and shallow ponds liable to 
disappear for a time at each period of dessication, and where 
the water-lilies do not occur. This also is a fact of observa- 
tion. In assigning or limiting a station to particular plants. 
Nature avails herself of the endless variety of their capacities 
— capacities not always very apparent, and often seemingly 
trivial in their character,^ 
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Limnanihenmtn jiyntphtroides, however, which frequents 
mach the aame waters as Nuphar Irtteuni and Nympka^a alba. 
offers an apparent exceptiou to this principle, since its seeds ^ 
germinate after thirty months' drying. Yet this plant on tha | 
muddy shores of ponds often lives like a land-plant. How 1 
little yet, however, do we know of the history of this and I 
other dicotyledonous aquatic plants ! If we could but pi 
trate for a moment the black cloud that hides their past, we ^ 
might become witnesses of some strange event in the history 
of plant-descent that would excite the intense interest of the 
Btudent of plant-life. It may be that each dicotyledon 
among the aquatic plants represents a great catastrophe in 
Bome region of the earth's surface where only the land-plant 
that was able to adapt itself to aquatic conditions survived ; 
and it may he that in the dicotyledons of the pond and of \ 
the river Nature has preserved mementos of these disasters. 
At all events, we can only follow with safety the sure road | 
of observation and experiment in approaching this mystery; i 
and however plausible they may seem, guesses in the dark I 
ean of themselves afford us but little aid.' 



In the appended Table, I have selected from ray experi- l 
nents those most fitted to illustrate the postponement of the | 
germinating process in water and wet mud. The capital | 
letters in the last column signify as follows ; — 

E implies that the experiment was brought to an end^ 

before all the seeds had germinated, and whilst J 

some or all of the rest were still sound. 

P implies that the experiment is still in progress. 

E implies that the experiment was completed, the seeds-l 

that failed to germinate having decayed. 
S implies that the experiment was brought to a close in J 
the spring, before all the seeds had germinated. 



' Experimenla extendin); ovei ekhus yenrx hnve been carried out \ij nit 
tilB object of testing the c^pacitj of LimnniilJiemam , ilijriapht/Uutn, e 
MquiTd the habiti oF Uud-pUots. 
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Table illustTotiiuj the Postponement of Germination, chiefly of 
Aquatic Plants. 
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XXVII. On Cryptoxyloii FoifnTsase, a New Species of Fossil 

Plant from the Old Hal Sandstone. By Robert Kidston, 

F.RS.E., F.G.9. [Plates VIII.. IX.] 

(Baid 21st April 1SS7.) 

About two years ago, through the kind permission of 

Sir Archibald Geikie, F.R.S., etc., Director of the Geological 

Survey of Great Britain, I had an opportunity given roe of 

examining the Old Red Sandstone plants in the Jermyn 

Street Museum, London, and among them I observed a small 

specimen from Reawallie, Forfar, having its internal structure 

preserved. This was placed in my hands for examination, 

and has revealed a type of structure hitherto unknown. 



Crtptoxtlon Forfarensb, Kidston. 
[Plates VIII.. IX.] 

The fosail consists of a portion of a stem, slightly com- 
pressed, and preserved in silica of a dark colour. It measures 
about 8 inches in circumference, and is shown natoral size in 
side view at Fig. 1. 

The outer surface is covered with small, slightly fusiform 
papillip, which correspond to groups of smaller cells to be 
desciibed later. Moat probably the stem originally possessed 
an epidermal layer which has now disappeared, but from the 
manner in which the groups of smaller cells become more 
numerous and leas in size as they approach the periphery of 
the stem, as shown in the photograph (Fig. 2), one is led to 
infer that little of the outer portion of the stem is wanting, 
and that possibly the outer envelope consisted more of an 
aggregation of the elements of the stem than of a true 
cortex. 

The plant is entirely cellular in structure, but the cells 
are of two sizes, the smaller occurring in groups scattered 
somewhat irregularly, but showing a distinct tendency to 
a concentric arrangement. 

In section, the larger cells forming the ground mass 
are more or less globular or slightly angular from mutual 



I 
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pressure. Oa an average they are ,^ inch in diameter and 
have thin walls, though their mode of preservation often 
causes them to appear as if possessing thick walls, but this 
appearance arises from the presence of a mineral deposit on 
the walls which is frequently stained with carbonaceous ' 
particles (Fig. 5 ; x 75). 

The cells which form the isolated groups are much smaller 
than the matrix (about ^^ inch in diameter), aud the ' 
tntilling material is always of a dark brown colour. Th&y j 
are surrounded on all sides by the larger cells, and the 1 
longitudinal length of the group is always greater than ltd i 
transverse diameter, the groups being fusiform in shape. 

Two groups shown in transverse section are given at 
Figs. 6 and 7 ( X 75), and a longitudinal section is given at 
Fig. 8 (x75). The cells are of the same form as those 
composing the matrix, and differ only in size, though their 
function was probably different. The circumstance that the 
mineral tilling the groups of smaller ceils is always deeply 
stained, and clearly differentiated from the larger cells of the I 
matrix, indicates clearly that their cell-contents were of a- J 
different substance from that filling the larger cells, and may | 
possibly have been of a resinous nature. 

This stainiug of the infilling material in the groups of ] 
smaller cells is better seen in Figs. 3 and 4, which are ' 
magnified 22 times ; Fig. 3 being a transverse and Fig. 4 a 
longitudinal section, which latter shows the fusiform shape 
of the groups of smaller cells. 

OiiTPTOXYLON, Kidaton, n.g. 

Stem entirely composed of parenchymatous tissue, of which 'I 

I the ground mass consists of lax globular cells, among which J 

I are placed groups of smaller cells. 

Cryptoxylon Forfarense, Kidston, n. sp. 

[Plates VIII., IX.] 

Stem composed of lax hyaline thin-walled parenchymatons^ 

MUe, in which are embedded fusiform groups of smaller | 

fenchymatoua tissue with dark coloured contents roughly J 
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armnged in concentric lines whicli become more numerous, 
smaller, and closer together as they approach the peripherjr 
of the Btem. 

Locality. — Keswallie, near Forfar. 

Horizon. — Lower Old Red Sandstone. 

The specimen is in the collection of the Geological Si 
of England, Museum, Jermyn Street, London. 



litf^^* 



Remarks. — I am unable to determine the affinities of this 
fossil. At first sight Cryptoxylon has somewhat the appear- 
ance of Kalymma un<jer; ' but here the stem is described as 
having a circle of slightly separated bundles protected by an 
outer bark, and towai'ds the centre of the stem, and withio 
the outer circle of bundles, a second series of more distant 
and somewhat irregularly -shaped bundles occur, which are 
also placed roughly in a circle. The minute stnicture of the 
elements composing these bundles does not seem to be clearly 
made out, though Sir William Dawson and Professor Pen- 
hallow state that "in one case a single cell shows fine 
transverse bars, possibly the remains of a spiral, annular, or 
scflliform structure," ' 

Though the full structure of the " bundles " in Kalymma 
is imperfectly known, still they are composed of elongated 
tissue. In Gryptoxylon there are no bundles or vascular tissue 
of any kind, and the little dark " spots " seen by the unaided 
eye in transverse and longitudinal sections are only formed 
of groups of cells, smaller than those of the surrounding 
matrix. 

From ProtolasHtes, Dawson {Nemat(^hymis, Carr.}, it is 
essentially distinct. In Frutotaxilcs the tissue is entirely 
composed of long felted tubes. 

That Crijptoxylon is cryptogamic is evident, and though the 
stem is entirely composed of cellular elements, this does not 
appear to me to be sufficient evidence on which to conclude 

' BeitragB Jiur Piklsontologie dea Thiiringer Wildes— Deok d. Mtth.- 
Natarwiaaeti cIibm d. k. Akad. d. WuBunacii, vol. li., 1858, p. 71. 

* Kalymma gramtia. Note on speciiiiriia of fossil wood from the Eriu 
[DeToniau] at New York and Eentnckf— CHUnd. Record of Sdeoca, toI. W., 
Juinkry 1891, pl«t« I, 
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that it ia dgoidal. We have very little intimate knowledge I 
of the lAnd Plants of Devonian Age, and it seems quita 
possible that Cryptoxylon may be the stem of some primeval I 
form of terrestrial vegetation. I do not, however, feel myself j 
in a position to offer any satisfactory opinion on the affinities I 
I ef this interesting fossil, so must leave that question aQ J 
Kn one. 

My thanks are due to Sir Archibald Geikie, F.R.S., etc.,,' 
tfor kind permission to describe the specimen. 

Explanation of Plates. 
Plate VIII. 

Cryptoxylon Forfarense, Kidston. 
I fSg. !■ Specimea ehonlng outer sDrbce ; ij«t. miM. 
I Jig. 2. TrHMvene Boction ; ml. size. 
|;fig. 3. TniEUTiirie seclion ; x 22. 
Ing. 1. Longituilinal s«utioii ; x 22, 

Plate IX. 
Elig, S. Traosrerm grctian, cellalur matrix ; x 75. 
I Vig. 0. TraniTerae aeutioo, group at smaller cells ; x 75. 
Kg. 7. TraniTeneiectian, group of smaller i^elU; x 75. 
Fig, 8, Iiongitndinal section, gtoap of smaller ubIU ; x 75. 
JV'od. — All the above figures are from photographs. 

I 

^H Eleven years ago the Royal Physical Society did me thw 

^H'bonaur of publishing a list of the species of recent C'ephalo-'l 

^Htwda, as complete as I could make it, up to that data^ Tba I 

^^pdecenntum which has since elapsed has witnessed the issue: | 

of several important memoirs on this group of animals, e 

well as the usual number of scattered papers. For the I 

purpose of my own studies, I have found it necessary to I 

(keep this Catalogue up to date, and it has occurred to ma I 
■ Proa. Koj. Pbys. Sop. EdiD., vol. ix., pp. S05.2S7, 1386. 
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that it mi^ht be worth while to place the resnlt in the bands 
of my fellow- workers through the medium of this Society. 

The number of new species which have been created during 
the past ten yenrs is 79, and, as usually happens, the largest 
genera have received the most numerous accessions. The 
already unwieldy genus Octopus, for example, has been 
enriched by 21 new names, and Sepia, another large genus, has 
received 9 additions. The number of new genera described 
is 9, all of which are based upon new species, whilst .'J include 
in addition species previously known. 

The new forms are in nearly all cases adequately described, 
and in the majority of instances Ggured with suflicient 
detail, so that there has been comparatively little room 
for doubt as to their claim to specilic distinction. In cases 
of uncertainty I have adhered to the principle, mentioned 
in my previous list, of not registering species as identical 
without very strong evidence. In the case of a Catalogue 
like the present, which makes no pretensions to monographic 
completeness, less harm is done by letting two names stand 
side by side than by hastily enlering them as synonymous. 

Moat of the novelties are from the eastern seas, and are 
due to the investigations of Dr Ortmann into the Japanese 
forms, of the late Dr Brock, whose untimely death deprived 
zoological science of a promising worker in this interest- 
ing field, and of Mr Goodrich, who has reported upon the 
collections in the Calcutta Museum. 

It is, however, no injustice to these workers to say that 
the most important systematic work on the Cephalopoda 
which has appeared in recent years is the Monograph 
which Dr Jiitta has published in the "Fauna and Flora 
of the Gulf of Naples." It is the result of more than ten 
years work, and is based upon abundant material prepared 
with all the resources which have rendered the Naples 
station famous all over the world. The descriptions are 
careful and elaborate, and there is a wealth of illustrations, 
which should render it impossible in future to mistake any 
of the species there enumerated. 

The arrangement of this Supplement is on the same lines 
as that of the Catalogue. It has appeared desirable, on 
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grounds of convenience, to adhere to the classification there 
adopted, and I have felt the less hesitation in so doing by 
reason of the commendation which it has received from the 
pen of Dr Jatta. A reference has been given to the creation 
of each species, and to other places where information of 
importance will be found, and also an indication of its 
habitat. A few notes on previously known species have 
been added. In conclusion, I desire to express my apprecia- 
tion of the value and completeness of the "Zoological 
Eecord": I have found scarcely any omissions in its pages. 



Class CEPHALOPODA, Cuvier. 

Order I. DIBRANCHIATA, Owen, 1832. 

Suborder I. OCTOPODA, Leach, 1818. 

Division 1. L.iogIossa^ Liitken, 1882. 

Family I. Pteboti, Reinhardt et Prosch, 1846. 

Girroteuthis, Escbrlcht, 1836. 

8. G. caadani, Joubin, Ann. Univ. Lyon, vol. xxvi., p. 247, 
fig., 1896. 
Lusitanian Region. 

Opisthoteuthia, Verrill, 1883. 

2. 0. depressa, Ijima and Ikeda, J. Coll. Sci. Tokyo, viii., pp. 
1-15, pi. xzxiii., 1895. 
Japanese Region. 

Family III. Argonautid.e, Cantraine, 1841. 

Argonauta, Linn^ 1756. 

6. A. Boettgeri, Maltzan: Smith, Ann. and Mag. Nat. Hist. (5), 
XX., p. 409, pi. xvii., figs. 1-6, 1887. 
Indo- Malayan Region. 
8. A. Bnlleri, Kirk, Trans. N. Zeal. Tnst., vol. xviii., p. 138, 
pi. iv., 1885. 
New Zealand Region. 
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Family IV. PhilokbxidjB, d'Orbigny, 183S. 

Tremoctopas, delle Cbiaje, 1830. 

10. T. Lfflderleini, Ortm., Jap. Ceph., p. 642, pi. xx., 18 

Japanese Region. 
il. T. microstoma, Joubin, Cdph. "Melita," pp. 318-225, e 

1*193.' 
VI. T. hlrondellel, Joubin, C^ph. atlant nord, pp. 10-13, pla. 
i., figs. 1, 2, ii., ags. 1-3, 1895. 
Atlantic Kegion. 

Family VI. Octopodid*, d'Orbigny, 1838. 

Octopas, Lamarck, 1799. 

7a. 0. Byadesi, Itoch. Jc Mab., Moll. Cap Hurn, p. H6, 1889.^ 

PatBgoninn Region. 

15i. 0. Brocki, Ortm, Jap. Oph., p, 645, pL xxl, fig. 4; pL « 

fig. 1. 1888. 

Japaucse Region. 

27a. 0. kagosbimensis, Ortm., Joji, Ceph., p. 644, pi xxi., 1 

1888. 

Jiipanese Regiou. 

34a. 0. robastne, Brock, Naclir, Gea. Giitlingen, 1887, No, j 

p. 317. 

Australian Region. 

3.')A. 0. Chierchiffi, Jatta. BiUl. soc. nat. Napoli, iii., p. 65, 18898 

IVrnvian Region. 
4U. 0. pentherinUB, Roch. &. Mab., Moll. Cap Horn, p. H7, 1889. 

Patagoninii Region. 
79. 0. microphthalmnB, Goodrich, Cepb. Calcutta Mua., p. 20, 
pi. v., figs. 83, 84, 1896. 
Indo-Malayan Region. 
80 0. pulcher, Brock, Ind. Cepk, p. 607, 1887. 

iniJo-MaUyan Region. 
f*l. 0. chromatQS, Heilprio, P. Ac. Philad., p. 324, pi. xvi., fi 
1888. 
1880. OeUpM chrovialut (t), HL>ilprin, Bflrmuila h 
(do dcBi^rlj.tioti). 
New England Region. 

' GiTM an intsnwtiiig accoDnt of th« stmctnre and dispositio 
htetocotyliMd arm, wfailit itill pnclosed in Its mc. 
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0. ergasticas, F. & K. Fischer, Jouro. de Conch., 1892 (3), I 
jixiii, p. 298, fig. B[1893]. 
West African Region. 
0. sponsalis, P. & H. Fischer, Juum. de Ci)nch,, 1S92 (3), I 
xxxii., p. 297, fig. A [1893]. 
West African Region. 
0. AJberti, Joubin, CtSph. atlant, uord, pj.. 18-20, pi. i., figa. J 
3 and 4, 1895, 
LuDitanian Region. 
0. Digneti, Perrier it de Rochebrune, Comptea rendus, cxviii., 
p. 770, 1894. 
18D6. O. DigMti, Boohobr.. Arch. Mas. P»ri», t viii., pp. 75-86, Bgj. J 
Culifurnmn Region. 
0. elegans, Bruck, Ind. Ceph , p. 597, 1887. 

lndi> Malayan Region. 
0. ambolnensis, Brock, Ind. Cuph., p. 598, 1887. 
18B1. 0. amboineniit, JauTjio, Csfh. d'Amfaoine, p. SI. 
In do- Malay an Region. 
0. Machiki, Brook, Ind. Ceph., p. 599, 1887. 

Indo-Mabyan Region. 
0. pisiformis, Brock, Ind Ceph., p. 601, pi. 16, figs. 1 and 2, j 
1887. 
I udo- Malayan Region. 
0. incODBpicuns, Brock, Ind. Ceph., p. 603, pi. 16, fig. 4, 
1887. 
1SS4. O. inconspuMos, Jonbin, C^pb. d'Amboiix^, p. 33. 
1 11 do- Malayan Region. 
0. Hannandi, Sochebr., Bull. 8oc. Philom. (7), vi., p. 73, 
1882. 
Indo-Malayan Region. 
0. coerulescentea, Fni Piero, Moll. Sardegna, p. 267, 1895. 

Mediterranean Region. 
0, Monteroaatol, Fra Piero, MolL Sardegna, p. 268, 1896. 
Mediterranean Region. 

Enteroctopns,' lloch. i Mdb., 1889. 

1. E.membranaceas, Roch.&Mab., Moll. CupHorn, p. H7,1889. 1 
Piitagonian Region. 

' Odojnia megalocyathiis, Gould, is •Uo iocloded by the atilljora i: 



* X .Liirm&a. ^ocl . - Pt^cb Smost. «:«uoL, p. 39. 

l^ac « j:-x:ak O^ !^u«cl fL 24S» pL 5, fig. 1, etc 

1. XzCL SonwxaL ^ 265, I $95. 

fL e6€, 1895. 




5<r-.irMr IL I.BCAP^I^DJl Lack. ISIS. 

It.TxujQ I Myopsida, ^>iMii<:nT. 1845. 

1L SiFio^Lisu Sc«eBiSni]s 1861. 

itnu^uA. 155ft w Leack, 1817. 
S5c^ yc» uckoL. €v PL 65, 15^7.- 



^aoij 



Sl HTMTr.fcn. Ja:=». Oec. X^poo, pp. 130-133, pi t., fig. 4; 



Isistcvthis.- Verrlli, 1<^1. 
3. L Bicilosj^ CkoirLch. C«p«i. CaknttA Mii&« p. 2, pi. i., 

Microteatliis. Ortmum, 1888. 
1. M. pandozft, Ortm.. Jap. C*ph., p 649, pi. xxii., fig. 4, 

Japanese Region. 

* PosMit ind Jftttt bare shown that 1 vis mistaken in regarding this as 
a Bvnonvm of E. eirrosa. 

' S. PtUrsii, Stp.. is regarded bj Jatta a« a rariety of S. Utrndeleti^ and I 
think his arguments are quite convincing. 

• Iniotfuthij japtmicii and /. Morsei are redescribed, with fignies of 
hectocotyliaed anns and snckens by Ortmann, Jap. Ceph., p. 647, pla. xxi., 
figs- 6, 7 ; and xxiL, figs. 2, 3, 1888. 
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RoBSia, Oweo, 1834. 


^^1 


1. 


E. palpebrosa, Owen.i 


^^1 








figa, 11-20. 






Arctic and Mediterranean Regions. 


J 


». 


R. MoUeri, Stp., Becher, Moll. Jan Mayen, p. 81, fig, 9, 1886. ^^ 




Arctic Region. 


■ 




Family VIII. S E p I A b 1 1, Steenatnip, 1861. 


■ 




SepIDs, d'Orb. {pars). 


■ 




Subfamily Idiosefh, Stecnstrup, 1881. 


■ 




IdiosepiuB, Steenstrup, 1881. 


■ 


2. 


I, PicteU, Joubin, C^pli. d'Amboine. Compl., p. 459 


^H 




1884. Laligo FicUli, Joubin, C^pb. d'Amboine, 
pU. iii., iv. 
Indo-Malayan Region. 


pp. 60-8J, ^^ 








Subfamily EosEPii, Steenatnip, 1881. 






Sepia, Linne,17G6. 




23a. S. toroaa, Ortm., Jap. Ceph., p. 652, jil. xxiii., flg. 2 


, 1868. 




Japanese Region. 




24a, S. Hoylei, Ortm., Jap. Ceph., p. 650, pi. xxa., fig. 6; 


pi. ..ill.. 




Gg. 1, 1888. 






Japanese Region. 




35- 


.S. tokioensiB, Ortm., Jap. Ceph., p. 653, pi. xsi 
1888. 
Japanese Region. 


.. «g. 3. 


59. 


S. microcotyledOD, Ortm., Oepb. Ceylon, p. 673, fig. 
Indo-Malayan Region. 


1, 1831. 


60. 


S. herculGB, Pilsbry, Nautilus, vii., p. 144, 1894. 

Japanese Region. 




61. 


8. framea, Ortm., Ceph. Ceylon, p. 675, fig. 3, 1891 
Indo-Malayan Region. 




62. 


S. apama, Gray, M-Coy, Prodr. Zool. VicL, Dec. xi 
pis. 188-190, 1889. 


I., p. 325, 


63. 


8. singalenBis, Goodrich, Ceph. Calcutta Mus., p. 
figa. 4-8, 1896. 
Indo-Malayan Region. 


3, pl. i.. 


1 


The discovery of this rare Artlic form in the Mediternino 


■n ,„, ■ 


intentUng. 


_i 
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64. S. Veranyi, Lagatu, Actes Soc. L. Bord., xlii., 2, pp. 115-117, 
pi. viii., 1889. 
Mediterranean Region. 

Family IX. Loliginei, Steenstrup, 186 1 . 
Sepiotenthifl, Blainville, 1825. 

18. S. indica, Goodrich, Ceph. Calcutta Mus., p. 5, pi. L, 

figs. 9-19, 1896. 
Indo-Malayan Region. 

Loligo, Lamarck, 1799. 

19. L. Bleekeri, Joubin, C6ph. d'Amboine, pp. 56-60, 1894. 

Indo-Malayan Region. 
20a. L. tetradynamia, Ortm., Jap. Cepb., p. 659, pi. xxiii., fig. 4 ; 
pi. XXV. fig. 1, 1888. 
Japanese Region. 

37. L. aspera, Ortm., Jap. Ceph., p. 661, pi. xxv., ^g, 3, 1888. 

Japanese Region. 

38. L. singhalensis, Ortm., Cepb. Ceylon, p. 676, fig. 3, 1891. 

Indo-Malayan Region. 

39. L. Steamsii, Hemphill, Zoe, iii., pp. 51, 52, 1892.^ 

Californian Region. 

LolioluB, Steenstrup, 1 856. 

4. L. investigatoris, Goodrich, Ceph. Calcutta Mus., p. 8, pi. il, 
figs. 29-37, 1896. 
Indo-Malayan Region. 

Division 2. CEgopsida, d'Orbigny, 1839. 

Family X. Ommastrkphini, Steenstrup, 1861. 

Subfamily OMMASTREPHiDiB, Gill, 1871. 

Ommastrephes, d'Orbigny, 1835. 

11. 0. Caroli, Furtado, Mem. Sci. Lisb., vol. 49, pt. 2, pp. 1-19, 
2 pis., 1887. 
1887. Ommatostrephea Carolif Stp., Notas Teuthol., 8, pp. 128-146. 
Atlantic Region. 

* This is a mere rwrnen nudum: the description is quite worthless, as the 
species could never be recognised from it. 
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'• 0' Sig^B, d'Orb. : v. Martens, Sitzangsb. Oea. naturf. I^ui 

Berlin, 1894, p. 23*.' 
12. 0. Goul<ii, M'Coy, ProJr. Zool. Victoris, Dec, xvii., p. : 
pU. 169, 170, 1888. 
Australian Region, 

Todarodea, Steenatnip, 181 
1. T. aagittfttua (Lmli.), Stp. 

1S90, T. sagittatuj, PoMell, Vid. McdJ. KjJbeDliavn, pp. 301-SBt 
[,1s. viii,, ix.« 

Todaropaia, Girard, 
I, T. Veranyi,^ Oir-ird, Nota ceph. Purtugal, p. 204, 1890 
IWv. moil. Liabonne, pp. 261-264, figs. 4-10, 1S90. 
I8B8. TodaTOjiiU Veranyi, Jatta, Cef. Nupoli, pp. 76-80, pis, i 
fig. 7; rii.,4-19. 
Atl.tntic Rpgion. 
:'. T. eblaMEB " (Ball), Proc Roj. Irish Acad., i., p. 363, figs. 1-7, 
1841. 
IlUx ^laiUE, Hojle, Jonrn. Mar. Biol, Assoc., U.S., vol. iL^ 

pp. 189-192, cnla, !882. 
Todaropgti tMana, PosMlt, Vid. Medd. ^fibenhavn, Ap. 1, tSBK 
1893. 

Martialia, Rock & Msb., 1869. 
1. M. hyadesi, Roch. &, Mab., Moll. Cap Horn, p. H9, pi. I, 
1889. 
Patagontan Region. 

Chtenopteryx, Appelliif, 1890. 
t. C. flmbriatoB, App., TeutUoI. Beitr. L, pp, 4-C, figs. I-C, 1890. 

Mediterranean Region. 
2. C. cyprinoideB, Joubin, Bull aoc, zool, Fr., xix., p. 64, 
cut, 1894. 
Mediterranean Region (from the stomach of a Dolphin), 
' Givei dlmeniiooa «( » Bpeaimen captnred off Chill, but no completa 
^MCriptioD. 

' An elaborate accoant ot the iinBtoin; sad rxtcmil charactere ot tbli 
'^icoiu, includiDg a cotupariion with allied forniB. The talented and 
bdutrioiu lathor, whoee earlj death baa cut short a career of ^riit 
roniiac, proposed to divide the Ommatastrepbidn! into too sulifatnilier, 
ItDmalostrephiiiiE and Illicii]K>. 
' I think it more tbaii probable that these 
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Architenthis, Steenstrap, 1856. 

7. A. KirUi, Robson, Tr. N. ZeaL Inst., xix., p. 155, 1887. 

New Zealand Region. 

8. Architenthis sp., Mitsukuri and Ikeda, Notes on a Gigantic 

Cephalopod, ZooL Mag. Tokyo, vol. vii., No. 77, 
pp. 39-50, pi. X., 1895. 

Trachelotenthis, Steenstrup, 1881. 

5. T. Oaemei, Joubin, C6ph. atlant nord, pp. 34-38, pis. i, 
figs. 5, 6 ; ii, figs. 4-9, 1895. 
Atlantic Region. 

Family XI. Ontghii, Steenstrap, 1861. 
Subfamily Onyciioteuthid^, Gray, 1849 {sensu stricto). 

Abralia, Gray, 1849. 

7. A. andamanica, Goodrich, Cepb. Calcutta Mus., p. 9, pL ii., 

figs. 38-45, 1896. 
Indo-Malayaii Region. 

8. A. Uneata, Goodrich, op, city p. 10, pi. iii., figs. 46-50, 1896. 

Indo-Malayan Region. 

Abraliopsis, Joubiu, 1896. 

1. A. Pfe£feri, Joubin, Bull. soc. sci. et m^d. Quest, tom. v.. 

No. 1, pp. 19-35, cuts, 1896. 
2 A. Hoylei, Joubin, op, cit, 

EnophtaUhis Hoylci, Pffr., Cepb. Hamb. Mus., p. 17, fig. 22, 1884. 

Pterygioteuthis, H. Fischer, 1895. 

1. P. Giardi, Fischer, Journ. de Conch., 1895, pp. 205-211, 

pi. ix., 1896, 

Chaunoteuthis, Appellor, 1891. 
1. C. mollis, App., Teuthol. Beitr. I., pp. 3-27, 4 pis., 1891. 

Subfamily Gonatid^, Hoyle, 1886. 

Gonatus, Gray, 1849. 

1. G. Fabricii (Licht), Hoyle, Proc. Zool. Soc, 1889, pp. 117-135, 
pis. xiii., xiv. 



I 
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Family XII. Taonoteuthi, Steenatnip, 1861. 
Subfamily Chirotedtbid.«, Gray, 1849. 
ChirotenthiB,' d'Orbigny, 1839. 
fi. C. Picteti, Joubin, C^ph d'Amboine, pp. 40-56, ph. i., ii., 1894. 
Indo-Malayan Region. 
C. macroBoma, Goodricb, Ceph. Calcutta Mub., p, 12, pi. iii., 
figs. 51-57, 1896. 
ludo-Malayan Tlegion. 

6. C, pellncida, Goodrich, op. cit, p. 14, pi. iv., ligs. 58-61, 1896. 

Iiido-Maluyan Region. 

7. C. Grimaldii, Joubin, C^pb. atlant. nord, pp. 38-46, pla. iii., 

»figs. 1-4; iv., figa. I, 2; v,, figs. 2, 4-9, 12, 1895. 
Atlantic Region. 
HiBtiopBlB, Hoyle, 1885. 
2. H. Hoylei, Goodrich, Ceph. Calcutta Mus.. p. 15, pi. iv., 
figB. 62-71, 1896. 
Indi>.Malayan Region. 

ICiUitentbis, VerrUl, 1880. 
■3. C. AleBsandrini, App.. Teuthol. Beitr. I., pp. 27-31, figs. 
7-11, 1890. 
ISfil, Loligo AleasmtJrMi. Yh., Ceph. nicdit., p, flS, pi. 
Bg«./, S, ft. 
4. C.nevroptera,Jntta,Cef,Napoli,p. 118,pl. 31, figg.llO, 1 
Mediterranean Region. 
HiBtiotenthiB, d'Orbigny, 1839. 
9- H. Rnppelli, V^rany." 
I 



Family XIIL CRAKCSt.s:POBHBs, Steenalrup, 18G1. 
Subfamily Cbaschiabj;, Gray, 1849. 
Taonins, Steenstrup, 1861. 
;-& T. Richardi, Joubin, Ceph. atlant. nord, pp. 46-50, pis. iii., 
figa. S, 6; iv. figs. 3, 8, 1895. 
Atlantic Region. 
Jouliiii hu gjren [noat intoriMtitig and important tccoants of the 



inaken ind cQlicular organs in this ganus (Quelquea or^ueH coIoi^b <le la 
pv*a chvE denx cJphalopi»les 'lu genre biro ton thin, il/m. toe. iooh Fi:, 
pp. M3, cuta). 

^ The luminous organs ot thi.s genus have received full and carerbl 
treatment at the hand* of Piofesaor Joubin (Recberchw aur I'appareil 
Inminoux d'un c^ptaalopode BiilioUuthii JIupptttii, Vinayi Itenuia, I86U). 
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9. T. abyssicola, Goodrich, Ceph. Calcutta Mus., p. 17, pL t., 
figs. 72 80, 1876. 
Indo- Malayan Region. 



Incerta sedis. 
Lepidotenthis, Joubin, 1895. 

1. L. Grimaldii, Joubin, Comptes rendus, cxxi., pp. 1172-1174, 
cuts, 1895. 
Atlantic Region. 



APPENDIX, 1897. 

Mastigoteuthis levimana, Lonnberg, Notes rare Cepb., p. 605, 

1897. 
Atlantic Region. 
Sepia verrucosa, Lonnberg, Two Ceph. Teneriffe, p. 697, 
1897. 
Atlantic Region. 
Ommastrephes Bartrami, var. sinuosa, Lonnberg, op. ct/., 
p. 701. 
Atlantic Region. 



Explanation op the more Abbreviated References. 

App., Tenthol. Beltr. I.,— AppKMxiF, Teuthologische Beitrage, I., CTiten- 
opicryr^ n.g., Vtranya sicula, Krohn, CallitetUhis, Verrill, 
Bergeiin Mua. Aarshcr.f for 1889, No. 3, pp. 1-34, pi., 1890. 

„ II., op, cit., for 1890, No. 1, pp. 1-29, pis. i.-iii., 1891. 

ArbanaBlch.— tS'e;^ Fra Piero. 

Brock, Ind. Ceph., — Indische Cephalopoden, Zool, JahrbilcheTf v. 2, pp. 591- 
614, pi. 16, 1887. 

Becher, Moll. Jan Mayen,— Die intcrnationale PolarforschuDg, 1882-1883. 
Dio osterreichische Polarbtatioa Jan Mayen ausgeriistet dtxrcb 
seine Excellenz Graf Hanns Wilczek, geleitet vom k.k. Corvetten- 
Capitiin Kmil Edlen von Woblgemuth. Beobachtungs-Ergebnisse 
berausgegeben von der k. Akademie der Wissenchaften, iii. 
Band., vi. Tbcil., Zoologie, G. Mollusken, pp. 67-82, pi. 
vi. [1886]. 
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a collection of Ctpbalopod* 
111. Soe. (2), vol. vii.p 24 p., 
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Piero, MoIL Sudsgnm,— (PiBTBO ABaASAairn)— L> ennmcnxifln* dai 
mollaichi dells Sudegni, Bidl. loeUUi mn/aco/o^icn ihiliann, 
vol. xix., 1894, pp. 263-278, 18S6. 
Olnrd. Not* ceph. Foitogi,!. — NoU aobre oa cephalopodfs de Portug&l, 
Jorn. Ki. Lisliua (2), iii., 1S89 [puWiabed I8B0]. 
., Sir. moll. Liibonne,— R^Tisioa dea tnalluBqwB iln maB^nm d« 
Liabonne, I. — Ct:|)balopode9, iA>nt. lei. Linboa (2), Tol. ir., 
1890. 
Ooodrich, E. 8., C*ph. Calcntta Hua.,- 
from llie CiikatU Musuum, 
6 pi., 1S9S. 

JMU, Cet Nkpoll,— I cer>bpoti Tiventi nel Colfu di Napoli, pRnnn ii. 
Flora ica Golffa von Neipil, ixiii., U-t-i6& pp., 81 pi, 
4°. Berlu, 189S. 
JnUn, (Mph. "HaliU,"— Vo;ages de la goSletta Mtliia »ar lea cQtra 
orientoloa da I'oc^in atlantifjuo ct daoB la M^'liten'iD^. Oiphal- 
I opodes, iUm. soc. tool. Fr., vi., pp. 214-225, cuts, 1893. 

V „ CiplL i'imboiaa.—Eevuc luiaat de sooL, H, pp. 23-04, pla. i.-v., 
B 1894. Nota cofflpUmeotain, op. cil., iii., pp. 456-460, ISSG. 

' .1 Ciph. mU. noid, — R^nltats dea cumpogiifB soientiSques iccoinpUfa 
anr HOD yncht par Aibott l". Kmc. ii., Coalrtbulion it I'ituUfl 
drBC^pbalopodeaderAtlantiiiiieN'ord, 63 pp., S pis., 4°. Monaco, 
1895. 
Uomtwrg, ITotei rofs Ceph., — NoteB ou some rare Ceplinlopoda, 0/vertigt 
b. rcUnsk-.-Akoji. F6rhandl., IBBfl, No. 8, pp. 603-612, cuts, 
1897. 
„ Tiro C«pb. Teneilffa,— Tn-o Cephalopoda from ToncrilTe, I'ollecled 

l.y A. TullgrPL, O/tvnigl k. Velcish.-Akad. FliThandl, 18B8, 
No. \0, pp. 897-700, 1897. 
J&p. Cepli.,— Ohtninn, a,, JnpaniHclie Cephalopodon, Zool. 

JahrliOclur, vol. iii., pp. 039-070, pla. 20-2S, 1888. 
Oe;I<ui Capb.,— OitTUANN, A., Cuphnlopmlen von Ceflon, Zvui. 
Jahrbiiehcr, vol. t,, pp. 609878. pi, xlvi., 1890. 
NoUa Tsntbol., 8,— ateonalrup, Notic Tenthologica 
Dansk. Videiiak. Forhait^l., 1887, pp. 47-aO. 
,, Hotn TeuthoL, 1,—op. cU , 1887, pp. 67-126. 
,. NotB TenlhoL, a,— op. eit., 1887, pp. 128-146, S pla. 
Boob, ajid M»b.. Moll. Cap Born,— A. T. de lioehebrunv 

Uollonjuce: in, MissloD Bcientilique du Cup Hor 
t. v\., Zuologip. P,iria, 1S89.' pp. MO, pi. i. 
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XXIX. Additional Ifotcs 07i the Foaaii fishes of the 

Old Jtal Sandstone of the Moray Firth Area. By 
R H. TraquaiR, M.D.. LL.D., F.RS. [Plates X. 
and XI.] 

(Rend 16th December 189S.) 

Since the publication of my memoir on the " Extinct 
Vertebrata of the Moray Firth Area," ' a certain amount of 
new material from the Upper Old lied Sandstone of the 
districts of Elgin and Nairn has come to hand, for most of 
which I have to thank the untiring industry of my friend 
Mr William Taylor of Lhanbrydo. I have also to thank 
Dr Woodward. F.RS., and Mr Smith Woodward, r.L.S., for 
their kind permission to examine and to take notes and 
drawings of specimens in the Brickenden Collection, recently 
acquired by the Geological Department of the British 
Museum. 

Fishes from the Nairn Sandstone. 

As shown in the memoir referred to above, the fish-fauna 
of the N^aim beds, which apparently constitute a distinct 
division of the Upper Old Red Sandstone of the south side 
of the Moray Firth, is different from that which is contained 
in the strata of the adjoining district of Alves and Elgin. 
I had not, at the time I wrote, found any one species common 
to the two sets of rocks, and of especial interest was the fact 
that the characteristic fish of the Nairn strata belonged to 
a genua, namely AsteroU-pis. which occurs nowhere else in 
Great Britain, while not a vestige of any species of Bothrio- 
lepis, a genus otherwise so generally characteristic of 
the Upper Old Red, had ever been collected. In fact, 
palaeontologically, the Nairn beds may be compai^ed with 
those of Wenden in Russia; the Elgin strata with those 
of the Sjaas in the same country. 

' In H&rvte-Broiru and UuL'klcy'a " Vertebrate Fa.iin* ol the Mumy Basio," 
voL ii., pp. 2SS-2SG, Ediaburgb, D, Douglu, ISBtt. 
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One additional genus and species {Pmmmosteiis lesselatus) 
must now be added to the Nairn list, while it now seems 
dear that at least one species {Holoptychius decorahis, 
Eichwald) extended into the Elgin l>eds. 



PBammostens tesselatns, sp, uot., Tmquoir. 
[Plate XI., Figs. 1 and 2.] 

Shield shallow boat-shaped, resembling in form that of 
F. Taylori, but its substance is thin in comparison. Outer 
surface fretted with very closely placed stellate tubercles, 
polygonal, and often irregularly so, in form, their edges 
marked by exceedingly minute serrations. 

No division of the outer layer into polygonal areas ia ' 
observable, as in the case of P. Taylori. Traq., and some 
examples of P. paradoxus, Ag. 

In the course of the past summer, Mr Taylor sent me the 
beautiful fragment now in the Edinburgh Museum, and of 
which a portion is represented in PI. XI., Fig. 1, magnified 
two diameters, while the external sculpture, enlarged still 
further to eight diameters, is shown in Fig. 2. On examining 
it, I at once remembered two fish-plates which I had col- 
lected some years previously at Nairn (Kingsteps Quarry), 
and on re-examination I found that one of them presented 
the outline of a nearly entire Psammosteits shield, though the 
outer layer was unfortunately quite gone, The other, a 
poilion of a larger plate, showed the smooth inner surface, 
but on raising a portion from the matrix, I found on the 
outer surface clear evidence of the same minute mosaic-like 
tuberculatioD, shown much more perfectly on the specimen 
sent to me by Mr Taylor. 

In general aspect the ornament in this species resembles 
very considerably that in the Kussian species P. paradoxus 
and P. armcUus, but the tuherculations are not so pro- 
tly rounded, while their margiual serrations are 
;Dch finer. 



^^^Q< 
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Coccosteas magnus, Traquair. 

[Plate X., Fig. 1.] 

Eilinot Verteb. Iilon; Firth Arct, p. 2liS, pi. vi., fig. 10 <«ttai 
media a Tsntial plate). 

In addition to the anterior median ventral plate of this 
species, 6gured in my previous memoir, I now give a drawing 
of a median dorsal plate, which was sent to me some time 
ago by Mr Taylor, and which is now in the Musenm of 
Science and Art. Of course, I presume it to belong to the 
same species, as no other is known from the quarries in 
question (Kingsteps). 

The plate measures i\ inches in length and 2J inches in 
greatest breadth, and its contour is clearly shown, though, 
unfortunately, a large piece has heeu hmken away from the 
right side in front. The greater part of the bone, showing 
the external sculptured surface, remains in situ, and the close 
tuberculation is proportionally finer, especially in the centre 
of the plate, than is usually the case in C. dccipicns, 
Ag., of the Orcadian series. The sensory groove, like 
a V with hackwardly directed rounded angle, is seen 
in the same position as that in which it occurs in the 
last-named species. 



FlSnZS FROM THE AlVES AND ELGIN BEDS. 

Psammosteus Tajlori, Traquair. 

[Plate XI., Fig. f..] 



I 



Aon. Scot. Nftt Hilt., Oct. 1804, p. 226; Ext. Vcrteli, Moray Firth 
Aton, pp. 250-288, pi. tL, figa. 13. 

Since I wrote my previous descriptions, more satisfactory 
examples of the external ornament of Fsammostev^ Tnylori 
have turned up. Especiidly beautiful is one fragment 
recently obtained by Mr Taylor from Newton Quarry, and 



FBUomosteaa pnstolattts, ap. nov., Traquai 
[Plate XI., Figs. 3 and 4.] 
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of which I have represented a small portion in PL XT., 
Fig. 5, magnified two diameters. The small polygonal 
areas into which the outer layer of the shield is divided, 
and which correspond to shallow depressions of similar 
form on the outer surface of the middle layer, are here 
very distinctly seen. The surface of each of these areas 
is slightly convex, and closely covered with stellate tubercles. 
In or near the centre of each area is a tubercle usually larger 
than the others, which tend to be arranged round it in a 
more or less concentric manner. The vertical thickness of 
this fragment is \ inch. 

^H In my "Extinct Vertebrata," I mentioned the fact that 

^^^ small fragments of plates apparently belonging to Fsnmmostetts 
had been found at Scaat Craig by Mr Taylor, in addition to 
the fragment of a " spine," which I figured from the collec- 
tion of Mr Grant of Lossiemouth. I had also found, on an 
excursion which I made with Mr Taylor to the same locality, 
a similar fragment, which, when subsequently extracted en- 
tirely from the matrix, showed clearly on the outer surface 
the abraded remains of a Psammostevs-like tuberculation. 
Subsequently I found much better pieces in the Brickenden 
Collection in the British Museum, one of which (PI. XI., 

^^ f ig. 3) I have adopted aa the type of a new and very 

^^P'diBtinct species. 

I These fragments are water worn at the edges, and generally 

abraded on the surface; when broken across, their internal 
structure is that of Pmmiiiosteus so far as can be seen with 
a good lens, as I have not yet obtained any section sufficiently 
thin for examination with a high power. The outer surface 
shows in roost cases only the worn stumps of rounded 

Iittbercles, which are proportionally large, attaining a diameter 
Bt the base of -^'j to Vs inch. In the specimen represented 



4 
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ill PL XL, Fig. 3 (Brit Mub.. P. 8297), the tubercles 
are much more completely preserved than is asnallj the 



This fragment measures 2^ iuches in length by 1| inch io 
breadth; its greatest thickness is \ inch, but this diminishes 
to -jV at the middle of the side, which in the hgure is placed 
to the left, On the external surface there is, along the side 
alluded to, n space bare of tubercles, and about half an inch 
in breadth ; the rest of the outside of the plate is covered 
with tubercles of the dimensions stated, but the different 
sizes are not indiscriminately raised, the smaller ones pre- 
vailing on the side opposite to the non-tubevculated area. 
These tubercles are in this instance pretty close together, 
but far enough apart to show between them some of the 
vascular surface of the middle layer below. Each of the 
tubercles, if perfect, shows when magnilied (Fig. 4) an 
apical boss or cap of ganoine, which may often be seen to 
be nicked or crenulated round its margin with a variable 
number of identations ; but this ganoid cap does not reach to 
the base of the tubercle, ae may be seen in the figure. On 
the specimen figured, two wavy grooves ore also seen on the 
surface. 

In other examples the tubercles are more distantly 
scattered, so that there may he considerable intervals 
between them, and in worn specimens they are usually 
broken through and decapitateii, or rubbed down. 

The under surface shows a tissue of a dense laminated 
character, as in other species of the genus. 

I have included these fragmentary plates under Psam- 
mostetts, on account of the similarity of the vascular network 
of the middle layer to that in the other species of the genus, 
although the nature of the tuberculation is somewhat 
aberrant. Nevertheless, even this external ornameut cor- 
responds more to that of Psanivw&leus than of any other 
plates with which I am acquainted. 




Foml Fi»h-4i of the Upper Ohi Red 



CoBmacanthns MalcolmBoni, Ag. 
[Plate X., Figs. 2 ami 3.] 



Agairii, Poisa. Foss. v. g. r., p. 120, pi, 

Verteb. Moray Firth Aran, p. £83, pi. ri., figs. 6- 
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In my "Extinct Vertebrata," I showed not only thed 
Agaseiz was right in referring the original fragment i 
Cosmamntkus to the category of Selachian spines, but th^ 
it was not bilaterally symmetrical, and coDaequently, likM 
Qyrncanthvs, was pretty certainly a lateral appendage. 

I am now able to repeat those statements, and to complete 
the description of Gosmacanthiis Malcolmsoni, from a beautiful 
and nearly entire example contained in the Brickenden 
Collection in the British Museum (P. 8298). The spine 
{?1, X,, Figs. 2 and 3) meaaurea 3^ inches in length, and 
has the point nearly complete ; in its form it ia compressed, 
but one side (Fig. 3) ia more convex than tlie other (Fig. 2), 
The anterior margin ia rounded ; on the posterior aspect ia 
seen the sulcus, extending to about X\ inch from the point. 
The covered or inserted part of the lateral surface, behind, is 
broader on the flattened than on the rounded side of the 
spine, and is on both sides sharply defined from the aculptui'ed 
surface ; and as the aculptureil aurface is cut off at the basal 
end, it is clear that the inserted extiemity haa been lost. The 
exposed surface is covered with stellate tubercles, larger and 
more crowded on the front of the spine, smaller and not so 
closely placed on the aidea ; though there is some tendency 
to a linear arrangement of tliese tubercles on the aides, there 
ia no longitudinal interval along the anterior margin, as in 
the other two apeciraens which are known. A posterior 
marginal row of large tuberclea, sixteen in number, occupies 
the place of the marginal denticles of G-yracanthus, being 
placed along the hinder edge of the Hat surface of the 
apine. 

The present specimen, nearly entire as it ia, in this \ 
completely conhi'ms tlie evidence of the fragment which I 
figured in my previous memoir, namely, that CosiiMaiiUhm 
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is a SelacTiian spine, which, in its general conformation, 
belongs to the Gi/racantkua-type, however different toay be 
the character of its surface oraament. 



HoloptycbiuB decoratus (Eicbwald). 
[Plate XI„ Fig. 6.] 



Mrala, Eichw., Bull. Soc. Imp, Nut, Hobcow, toI. 
1S(4, p. 832; nid., toI. xil., 1846, pi. x., (>g& 16, 17. Letho 
KimIuo, vol. i., ISSO, pi. 67, 6g. 7. Ifoloptychitu dMorains, Tnq,, 
CiL VorU-b. Moray Firth Area, p. 254, pi. ri., Bg. 11. 

Among the fossils from Seaat Craig in the Brickenden 
Collection (P. 8275) is an imperfect scale in a coarse reddish 
grit, which I cannot distinguish from the fossiliferous stone 
of that locality, and from which we must therefore presume 
that it was derived. 

This sjiecimen is represented magnified two diameters in 
PL XI., Fig. 6 ; it is 1 inch in length, but it is only the 
exposed portion of the scale which is anything like entire. 
The covered area is broken away on one side in front ; what 
remains of it is covered with a beautiful and minute granula- 
tion. The exposed part of the surface shows first a zone of 
the tubercles characteristic of ff. decoratus, this zone being 
a quarter of an inch broad in the middle, but narrowing 
towards the sides. Behind this the tubercles are smaller, 
and tend to become elongated backwards as fine elevated 
antero-posterior ridges or striie, similar to those represented 
by Eichwald in his second figure given in the " Lethsea 
Kossica," as quoted above, 

I have no doubt of the correct identification of this scale, 
and as it occurred among the Scaat Craig specimens in the 
Brickenden Collection, and on a matrix indistinguishable 
from the harder portions of rock in that locality, we must 
presume that we have here proof of the extension of the 
species in Scotland to another horizon than that of the 
Nairn Sandstone, in which it has hitherto only 
found. 



I 
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Holoptjchins ^antens, Agaasiz. 



I The fragmentary plate from Scaat Craig, described and 
figured by Agassiz (Poiss. Fosa. v. g. r., p. 147, pi. SOo, 
fig. 16) as " AfiteTolepis Malcolmsoni," was supposed by Mr 
Smith Woodward, who had not seen the type, to be 
possibly identical with A. maxima (Cut, Foss. Fishes Brit. 
Mus., pt. ii,, p. 207). However, I was fortunate enougl 
to discover the original specimen in the Elgin Museum, 
and find that it is a broken jugular plate of Holaptyckivs 



giganteus. 

^^ c 

^H^ natural s: 



Sauripterns crassidens, sp. nov., Traquur. 
[Plate XL, Fig. 7.] 



^Kbere 



This conical tooth, represented in PI. XI., Fig. 7, of the 
natural size, measures J inch in length by nearly -J- inch in 
greatest breadth at the base ; the apex is rounded off by 
attrition ; the shaft is laterally compressed with trenchant 
edges. Towards the base the surface of the tooth is " fluted," 
a number of sulci marking off vertical folds of the dentine; 
the primary folds being rather less than ^ inch, the 
■econdary about ^V inch across. 

The above -de scribed tooth was collected by Mr William 
Taylor at Newton Quarry, Alves, and is now in the Edin- 
burgh Museum ; but there are also two others, identical in 
character, from Scaat Craiy, in the Brickenden Collection in 
the British Museum (P. 8269a). All three are not only 
clearly Rhizodont in structure, but come, indeed, very close 
to the teeth of Agasaiz's " Bothriolejns" favosa,^ from Clash- 
'bennie in Perthshire, also a very decided Rhizodont, and 
which Mr Smith Woodward ^ baa provisionally referred to 
Ball's genus Sauripkrus.^ However, on closely comparing 
them with the teeth in the Clashbennie jaws, I have come to 

' Poiffl. FoM. T. g.r., pp. 81-100, pi. jutril. fig. 7; pi. xjviii., fig'. 12, 13, 
'Cil. FoM. Fishes Brit. Bins., pt. ii., 1891, p, 365. 
N»t. HUt. Now Tgrk, pt. iv., Geology, 1843, p. 282. The i 
ipalt " Saiin'pCcrU." 
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the conclusion that they represent a distinct species, from 


the considerably greater coaraeneaa, in proportion, of the 


hasal folding of the dentine. 


^ 


Amended List of the Fossil Fishes of the Upper Old Red ^| 


Sandstone of the Moray Firth art 


— ^H 


Fishes op the Nairn Saxdstokk. ^H 


Psammosteus tessdatus, Traq. ^^| 


Asierolepia maxima 


(Ag.)- ^H 


Holoplyvhius dtcoratus (Eichw.). ^^1 


Polyplocodus leptogTvi.th'Jis, Traq. ^^^| 


Coccosteus mngnits. 


Tiaq. H 


FiSUBS FROM THB ALVE 


A.ND Elgin Bkds. ^^| 


I'sammostem Taylori, Traq,, 


Newton, Millstone Quan/.^H 


i 


Sweet Hillock. ^H 


■ 'Psff.mnwufeiwpMs/w^ohw, Traq., , 


Scaat CT&ig. ^| 


MCosmnmnthvs Mnlcolmaoni, Ag... 


Scaat Craig, ^| 


i BothTwUpis major (Ag.), . 


Whitemire, Eroside, 


1 


Newton, Sweet Hillock, 


1 


>rill3tone Quarry. 


k 


Garden HUl, Buigie. 


w 


Hosebrae, Oakbrae, 


r 


Laverockloch. 


PhyUolepis cotieentrica, Ag.. 


Hospital Quany.Laverock- 




loch, Eosebrae. 


Cmichod-ua ostrfiformia, M'Ooy, . 


Scaat Craig. 


ffo/optychiiis Tiobilimmiis, Ag., . 


Newton, Pluscardcn, Leg- 




gat, Scaat Craig, Bisbop- 




mill, Hosebrae, Bui^e. 


Holoplyckius gigaiUais, Ag., 


Whitemire, Newton, Sweet 




HQlock, Garden Hill, 




Millstone Quarry, Scaat 




Craig. 


Holoptychhii decoratus (Eichw,), 


Scaat Craig. 


Polyplocodus ap., 


Scaat Craig. 


L OlypCopomus minor, Ag., . 


Roaebrae, Lnverockloch. 
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Explanation op Plates X. and XI. 
Plate X. 

Fig. 1. Medisn dorsal plate of Coccosteus magniii, Traijiutir ; natural tiM. 

Kingtttpt, Nairn. Original in the Edinbargh Htuenin. 
Fig. 2. Casmaeaalhita Mnkolmsoni, Agaaiiz; natonl sues, aeen from the Qst 

aids. Scaat Craig aear Elgin. Original in the Brickendan 

CoUeotiou, British Hnaatun, 
Fig. 3. The latne epine seen from the convaz aide, | 



Plate XI. ^ 

Fig. 1, Fmmntailtiii iaatlalus, Traqnair; portion of a shield ihoning the 

external aculpture. and raagni&ed two diimetera. From King- 

sUpt, in the EUinbargh Museum. 
Fig, 2, Exterttat iculpture of the aamei magnilied eight diameters. 
Fig. 3. I'santmostens pusCiilatus, Traquajr; fragment of a shield; natural 

size. From Scaat Craig, in the Briclcenden Collectian, British 

Museum. 
Fig. 4. Eitcrnal iciiliitore of the same ; maguiGed. 
Fig. B. Eiterud st^ulpture of PiammosUitt Tayltni, Trarjuair ; magnified two 

diameters. From Newton Quarry, Alves, in the collection of 

Mr W. Tajior, LhaubrjJe. 
Fig. S. Scale of //u^»p'i/r;/iiiM (f<»v)rafiu (Eichwald); magnified two diameters. 

From SuABt Craig, in the Briclcendea Collection, Rritieb Museum. 
Fig. 7. Tooth of Saurijitenis eraaidtjis, Trai^aiir ; natural eize. From 

Newton Qoarry, in tho Edinbnrgh Miiseum. 



JOURNAL OF PROCEEDINGS. 



SESSION CXXIV. 

Wednesday, 2\8t November 1894. — Professor H. Alleynr Nicholaon, 
F.G.S., F.L.S., retiring President, in the Chair. 

The following gentlemen were elected Ordinary Fellows of the Society : 
Jean-Frangois de Boissiere, Esq., M.D. ; J. Ryland Whitaker, Esq., B.A., 
M.B. (Lond.), L.R.C.P.E. 

The retiring President delivered an Opening Address on '*Thc Doctrine 
of the Permanence of the Ocean Basins." 



IVediieaday, \%th December 1S94, — William Russell, Esq., M.D., 
F.R.C.P.E., Vice-President, in the Cliair. 

The following gentlemen were elected Ordinary Fellows of the Society: 
William Brendin Gubbin, Eisq., M.D. ; George Johnstone,. Esq., Lient. 
R.N.R., F.R.S.G.S. ; Thomas R. Marr, Esq.; Proft-ssor A. G. Mettam ; 
John Gunn Mitchell, Esq. 

The following Office-Bearers for the Session were then elected : 

iVen(i0ti<— Professor John Struthers, M.D., LL.D. 

ricf./Vetwfento— William Russell, M.D., F.R.C.P.E.; J. G. Goodchild, 
F.G.S., F.Z.S. ; Professor J. Cossar Ewart, F.R.S. 

decretory— John Gunn, F. R. S. G. S. 

Assistant'Seereiary — Percy H. Grimshaw, F.E.S. 

Treasurer— 'QjRORGE Lislk, C.A., F.F.A. 

Librarian— J. Arthur Thomson, M.A., F.R.S.K. 

Cou7ici{^9— Major Wardlaw Ramsay; Professor Johnson Symington, M.D., 
F.R.S.E.; Andrew Wilson, L.D.S.; Lieut. -Colonel Fred. Bailey, R.E., 
F.R.S.E. ; W. Eagle Clarke, F.L.S. ; W. Ivison Macadam, F.C.S., 
F.R.S.E. ; George Carrington Purvis, M.D., B.Sc. ; Professor Cargill 
G. Knott, D.Sc., F.R.S.E.; GusUvMann, M.D.; Hugh Miller, F.RS E.; 
Robert C. Mossman, F.R.Met.S., F.R.S.E. ; B. N. Peach, F.G.S., F.R.S. 
VOL. XIll. 2 D 
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Th« Secretary rabmitted the Anniul Report by the Council, as follows: 

REPORT OF COUNCIL, 189S-M. 

The Council beg to submit the following Report npon the state of the 

Society. 

I. — Mexbbrship. 

Daring the past Session the nomber of Fellows admitted was twenty-one, 
being one Honorary and twenty Ordinary Fellows, against which hare to be 
placed six resignations, and the deaths of one Honorary, one Corresponding, 
and eight Ordinary Frllows. Tha name of an Ordinary Fellow who was three 
Sessions in arrear with his snbscriptions, and whose address was unknown. 
was remoTed from the roll. At the close of the Session the number of 
Fellows was — 

239 Ordinary Fellows, 

16 Honorary Fellows, 
18 Corre spon ding Fellows, 

ToUl 278 Fellows. 

An increaw of five over the number on the Roll for the previous Session. 

II. — ACCOUITTB. 

An Abstract of the Treasurer's Accounts, in printed form, has been 
distributed with the Billet calling this meeting. These Accounts hare been 
audited by Messrs R. C. Millar and Richard Brown. 

III. — COMMUKICATIONS. 

The number of Communications read before the Society during the past 
Session was twenty-one, of which eighteen, in addition to a paper received 
too late to be included iti the former part, have appeared in Part II. 
Vol. XII. of the Proceedings already issued to Fellows not in arrear. Besides 
these CommunicatioDs, objects of scientific interest were exhibited ou 
two occasions. 

IV.— Conclusion. 

In conclusion, the Council would earnestly impress upon Members the 
necessity of introducing as Fellows of the Society, gentlemen who are likely 
to promote its interests in any way, especially by the contribution of papers 
calculated to add to the value and interest of its Proceedings. 

For the Council, 

John Gunn, Secretary, 

The Librarian submitted tlio following Report upon the Library : 

HON. LIBRARIAN'S REPORT, 1894. 

The Librarian reports the safety of the Society's Library, the continuance 
of the former exchanges, and the ad<iition of two or three to the list. The 
money granted by the Council for binding has been expended to good 
purpose, but more is urgently needed. The Librarian bogs to call attention 
to the disorderly over- crowding of the books, and hopes that steps will be 
taken to secure a new room. J. Arthur Thomson. 
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Tbs TreuorsT snbmitttd BDd eiplaioeJ t1i« (irintcd Abatmi'l or hia 
AccoimU, as psand by the Society's anditora. 
Th« roUowiDg cotnmuRications were road : 
■'Obitotty Notice of the Uta Dr George Laslie, F.R.S.E." 



TaAQtTAiB, Esq., M.D,, LLD., F.K.i 

Note on the Solubility of Cypanni i 

By T. [Vtbdebt Day. Esq., F.C.S 



By E. 
SfllotioDj or Sodium Chlorid^^ 
By J. 



"The Starlios in Scotiaod : its Increase Rnd Distribationi 

II A p. vTK- Brows, Esq., F.R.S.E. 
"Soma Modra of Origin of Rock-Sall." By J. G. Goodchild, 

F.O.S., r.Z.S. Wilb Limelight IlloatrBlioiui, 
" Eibibition of two Spei^imeng of Spiilrrs not hitberto recorded for tlia 

Lotbians, vii., ^ira iimbratica [Clk.), and Tibellui oblimgvi [Wilt.), 

token at Tyoinghame, neat Dunbar, in Saptember last." B; 

WttLiAM EvAUa, Esq., F.K.S.E. 



il. H.H 



The following gentUn 
Kit. G. S. Dobhic, M.A. ; 



elflfltcd Ordinary Fellowa of the aooiaty: 
; David J. Vallance, Esq. 
The rollofftpg gflnllenian was elected an Honorary Fellow of the Society : 
ProFeaaor Jamei Oeikie, LL.D., D.C.L., F.ItS. 

Alett'rwAi inbmitted from L'luatilut de France in rcftrencc to a proposed 
memorial to the late M. LeTOisier, 

The following CO tnm II nicatiotis were rend: 
I, "Note on Mnacle Fibre, Electric Disc, and Motor Plate." 

Caiiuisotun PiiBvi.i, Esq., B.So., M.D. 

I. "Rtvar Temparatnrs. Part II. The Temperature of tha Nile compara 

with thut of other great Kirers." By H, B. OurpY, Esq., M.fl'' 

F.RS.E, 

1. "Remarks on Scyelite frora Caithness, with Exhibition of Specini 

By J. G. Goodchild. Esq., F.G.S., F.Z.S. 
i. "Exhibition of a Giant Earth- Worm from Ceylon." By J. ARTHUVfl 
Tbomhun, Esq., M.A., F.R.S.E, 



By GkombJ 



Wtdnetday, 2<ith Ftlmiary li9t.—i. AiiTiiUR Thomsok, Ew[., H.A., 

F.R.S.E., in the Chair. 

The following gentlemen vere elected Ordinary Fellows of the Societfj 

Charles Bruce, Esq., J.P., K.S.A.jScot.); Kcv. AttJiibaid Ounn; " ' 

H4lcro Johnston, £»!., Surgeon, Army tledical SCuIT, D.Sc., H.D., C-HJ 

P.L.S. 



r 



Proceedini/s oj Ihe Jioi/nl Physical Sonely. 



1 



A laltti wn« rcaii from Proff asor Geikie, in which hp tlmofcrd tile SocMj 
Tor iiis e1«ctioD as an Honorary Fellow. 

Tho folIowiDg corarouniotioLB were read; 
1. "On the Fossils of the Upper Tied Sandstone of Nairn." 6f R. H. 

Traqcair, Esq., M.D., LL.D., F.B.8. 
S. "Results ot Meteorological Obeervstions taken at Edinburgh in 18P1." 

By E. C. MossMAN. Esq.. F.R S.E., F.R.MeLS. 
3. " Exhibition of Speoiioens of Srimtma gyrphoida. Fin., a rare Fly from 

the H«ri Mountains." By Pebot H. Gbiuhhaw, Esq., F.E.S. 
*. "Exhibition of tha Eggs of the Leaf Iii9*ct" By ,1. Abthtib TnoHSON, 

E8q.,M.A„ F.RS.E. 



The fotlowitig gentleman was olecUtd an Ordinnry Fellow of the Society: 
C. T. Clongh, Esq., M.A. 

The rollowiDg commnnicatione were read : 
1. "On the genua /■sainiHosifui." By B. H. TBAQVAin, Esq.,M.D., LL.D., 

F.K.S. 
B. " On tho Occurrence of SphetmpUru e«mmvnt3. Lesqi,, in BHtBio."*! 
HoBMT KiiisTON, Esq., F.G.S., F.RS.E. 

3. "Roikall." By J. A. Harvie-Beowk, Esq,, F.Z.S., F.R.H,F 

4. " Exhibition of CdlamiKs •uctwrii, Broogh." ByRoBEiirKiD 



F.a.8., F.R.S. 



N, Esq.. 

)ocM^i I 



L. 



mdaonlay, ITih April 1896.— Professor STnrrnEns, M.D., LL.! 
Preaident. in the Chair, 
Tho following gentleman was elected an Ordinary Prllow of tho Socm^T 
Robert Hiinro. Esq., M.A,, M,D., F,R,8.E, F,S.A.(Scot.), 

t-elected a 



The following conimanlcatious were read : 
" On the Sternum of the Greenland Right Whnle." By Profeator 

STntJTHEas, M.D,. LIi.D, 
' ' A List of ' Rarvcatmeu ' {Phalangidea) and ' False Scorpions ' 

iChenulidm) collected in the Neighbourhood of Edinburgh." By 

Georqb H. Carpenter, Esq., B.Sc, and William Kvan«, Esq., 

F.R.S.E. 
" Di&tneilea melanophrU in the Ftertie Islasdi." By Kntd Anubbbbn, 

Esq ; communicated by W, Eaole Clakkr, Esq., F.L.S. 
Exhibition of a Drawing of m Albatroa* ti,ken tntca lib in tfao 

Zoological Oardana, London." BjJ. 0, Qoodcuild, Eiq.,F.O.S..F.Z.& 



SESSION CXXV. 



^^^ WrJnesday, iOlh yoornber ISgfi. 
^V F.R.C.P.E., retiring Vi 

^^ The rollowing gentlemrD trerc eleutcd Urdiuary Fellows o( the Society : 
ViUikin DougUs, Ew).; .r. Kty Jaiuteson, Esq., U.B., C.U. 

Tbe retiring Vice- PraaideaC, William Rumell, Esq., H.D., F.R.O.P E., 
delivered th« asiul Openiug Addrera, ou "The Light whic^h rpoeiit Medic&l 
InTestigatioDS buve tliroiTQ u|)un aoiac Biological Processes," 



IL-TUEHH, M.U., LL.D.. 






Micwlaui, F,O.S., 



The following g<>ntlemea were elected Ordioary Fellows of the Suoiet; : 
Tohn Smith Flett. Ea.i,, M.B.. B.Sc. ; Orejfg Wilson, Et.i,, Ph.D.; E. H. 
Aitken, E!sq, 

The rollowiog Office- Bearere for the SesaioD were ek-cted : 
/¥Mvim(— Profeasor John Struthebs, M.D., LUD. 
ritePrrtid/^nla—J. G. QuoDcati.u, F.0.8 , I'.Z.S-; 

Ew&RT, F,R.S. ; AsDRBw Wilbcis, L 0,8. 
Sterttary^K. H. Traquair, M.D., LL.U., F.R.S. 
AitiMlant-Stertlary—PtBox H. GmMeuAw, F.E.S. 
JVeiuMrfr— Gboeoe Lislb, P.F.A., O.A. 
Librarian— J. A btbtjr Thomson , M.A-, F.R8.E. 
aawunlioTi-W. Eagle Clarks, F.L.S,; W. Ivi. 

F.S.S.K.; Goorgd Garrington Purvis, H.D., B.Sc. ; FrofisiiBor Oarf^ll G. 

Knott. D.ac, F.R.S.E. ; Ouatav Mann, H.D. : Hugh Miller, F.B.8.E. ; 

Robert C- Moismnn, F.R.Met.S., F.R.S.E, ; B. N. Peach, F.R.S., 
_ F.G.S.; William En«-ll, M.D., F.ll.C.P.E.; William C. Crawfurd, 

F.R.S.E; Robert Kidaton.F.fi.S, F.li.3 K. ; Lionel W. Hiotman, B.A. 

I The Secretary submitted the Annunl Report by the (.'ounnil, u roUowa : 

REPORT OF COUNCIL, 1894-96- 
f ^e OooDcil beg to anhmit thi> following Report upon tlie Htate of the 

I.— Dkath op Sboretabv. 

fit is with great regret that the Council mast in the finit pUca refer to tha 
li of Mr John Ooon, Secretary of tbe Society, which took ]>lace on tha 
29th of April last. At a Cooncil Mretiog held on the Gth of June, • 
mtoluLioD expressing comlolenco with tlie memlwrs of hia family wa> imb- 
nutted nuii >ulai>ted, und a cujiy ordered to bo sent to Mrs <}nnn. 



392 Proceedings of the Soyal Phi/siml Society. 

11.— Mbmbershif. 

During the |iaitt Siisaioa the nninber of Petlowi admitted was lirteeD, bein^ 
□no HouoTsry auJ roarteen OidiD&r; FeltoWB. Od Ihe other hftnd, there hara 
beeu thirteen reBignitions and three deaths, while no lua tbsn ten m<>iiil>cni 
lure i>ei!n etnick off Ihe roll Tar noQ-paymont of Subsrriptionii eiteodisg 
□ter a perigd of three yean. The Dane of Profeaaor Heddle, of St AadreHB. 
nn old Life Member, bus been replaced mi the roll, from which naiij yean 
ago it »emB to have bueii in ttooie unexptainei] manner omitted. At the close 
of the Soiion the number of Fellona wu — 



2SS Ordiaitry Felluwe, 

17 ItonoTiry Fellowa. 

18 CorrespondiDs Fellows. 



I 



TuUl 2es Fellows, 
a dec^reaao of ten from the number on the roll for the previoui Saisioii. 

Ill,— ACTOFNTS. 

An Alwtract of the 'I'rciuiurcr's A(^countB, in printed fonn, bna b 
out with the Billet calling this meeting, These AocanDts hare been koAltad 
by MeesrB R. C, Millar and Richard Brown. ^^^ 

1 V , — Com M D N I CAT ION ». 

The number of L'ommuuieAlioDH read before the Society dnring the pwt 
SHimioD waa sixteen, of wbii:h ten were printed in Piirt I. Vol XIII. of the 
Proetedingi. Besides theae Ooinmiuiications, objects of gcientiflc interest 

were exhibited nt five of the Meetings. 

v.— OONOLUBION. 

In cDUclusion, the Council would point to the diniiuutioD of Mi'iulHsrsidp 
which has taken place dimuff the [last year u a reason why Fi:llows aho&ld 
still mare eArnoatly strive to iuduco (e^o^'b'"*'' *1i<"<a taBlaa and acqniremenU 
lie in the direction of NBtural Science to Join the Society, tbc oldest of its 
kind in Edinburgh. 

For the L'ouucil, 

K. H. TMAtjiiAik, AdinijStertlary. 

Tlie Treaiinrer submitted and ciplaim-d nn Aliatracl of bis Aceountf *s 
audited by Ueasrs Millar end Brown. 

The Librarian presented the following Rejwtt : 

LIBRARIAN'S BEPOET, 18B6. 

The Librarian begs to report that the hooka in the Society's Library are in 
good condiiion, and tliat the usual eichangos have been sustained, lite 
orerorowded state of the room l«, however, more and more marked, and 
requires the attention of the Society. J. Aktbub Tbomsom. 



s 

I 



Tk Ibltowiiig doraniiiiiieatioiu were raul : 
"Tbs Tufkd Duck: its Incn^nse noil Diatribstion in Scotland." By 

J. A. Habvib-Bbown, Esq,, F.B.S.E. 
"NoUs (in Fossil Fishes from the Old Rod Snailstone of Porfuxhire.'' 

By R. H, ToAattAin, Esq,, M.D., LL.D., F.R.9. 
"NotB OD the OcoarroaoB ot tUe Larirn of the Drone-Fiy {&-Utalia Una^M 

in Man." Bf J. Asrauii THouanN, Fsq., M.A., F.R.S.E. 
" Eshibitioij, with BemsrUn, ot Siieoimeua vfSaiperia Lwimiciic, Mabille, 1 

Carpocapsa aaUitaia, Westwooil, and Vrpheniymyia Tufibarbia, Hoigfa, 

By Percy H. Grimkbaw. Esq,, F.K.S. 



The followiog gcntlemeD ware elected Ordinary FbUowb of the Society: 

Adam Bryden Steelg, Esq. ; R. Stewart, MacDougall, Esq., B.Sc. ; Lewis 

^m Beesl;. ^tq. 

^H The following a 

I 



"Obituary Notice of the laU Mr Jotm Uuun, SrtR'tBrj lo th* Society." I 
ByR. R Tbaquair, Esq., M.D., I.L.D., F,R.S. 



L " Obitnary Sottce of the late Dr Robert Brown." By J. G. GooMtirL 

Esq.. F.G.S, 
. "BepoTt on u Cullisctioa of Marine Dredginga and other Natural History 1 

MBl«rial<, made in the West of Scotland, by the late Ut George I 

Brook. P.L.S." By Tbomah Suurr, Esq., F.US. 
"Catiilogneof the CWsop^raof Uid-Bolway." By WlLLlAU Lknkon, Esq.; J 

commnnicated by R. Servior, Esq. Witb an Introdnction t^ J 

Mr Service. 
"Note on a Four Fooltd Diii:k, with Exliibilion of SiM-eiman." 

J. A RTmrH Thomson, Esq., M.A. 



The following gentleman was elrctcd an Ordinary Fellow of the Society .> 
ftjohn B. Yeoman, E»q., M.B. 



The following communicatiouii were read ; 
El. *' On HerediUry Polydactylism." By Gbem Wilson, E«<i.. Ph.D. 

"On the Discovery in Orkney of the 'John o' Groats' Horizon of tb» \ 

Old Bed Sandstone." By J, 8. Fi.btt, E«|., M.B., B.Sr, 

"NoteB on the Fowil Fishes collected by Mr .1, 8. Fl*tt, M.B., B.Se., J 

at DeeruflsB, in Orkuey," By R. H. Tii*ufAim ICwi.. H.D., LL.D, 1 

F.K.8. 
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4. "On some Nenlj-Hatclird S|iecini*iia and ■ Ule Embryo of OpuShoph 

thahwu." By Froreasor Malcolh Ladbie, D.Sc. 
t. "Ifota OQ the Hijjh Ueaii BMometric Preraatc of Jannury.' By R. C. 



Q wan elected an Ordinarj Fetlon- o( the Sociity: 






The foUoiriiig gBotleni 

Andrew J. Raniiay, Esq. 
The follomng coinmuttii^atioiui 

1. " On the S«st« and Egga of the Kmu« i 

By A. J, Campdell, Esq., Mcthour 
Dauiuiihii, Esq. 

2. " River Tuuilwralurc. Part III. Coniparuon of the Thermal ConditioDii 

of Hivers and Fouds in the Sonth of England." By H. B. Gupft, 

Em., M.B. 
». " Notaa on the Collecting and Breeding ot Batterfiiee in Kanani, Weitem 

India."' By E. H. Aitekn, Esq, 
4. " Keanlts ul' Meteorological Obwrvationa taken at Edinburgh in tlie Yoat 

18BS.'' By li. C. HiwBHAN. Esq.. F.R9.E.. F.R.Het.S. 



WtdiKmlan. lEiA-ljiiiflOSe.— ProfrMurSTRL-TiriH.1., M.D., LL.D.. 
Preaidrnt, in the Chair. 
Mewrii R. a HilUr, C.A., and Kichard Brown, C,A., were re-elected 
Auditors for the current Seasion. 



The fotlDwiug communications 
1. ■■Sotiie Addition 
PK.-rrBH, Esq. 






H. Cak- 



Ity K, KiDsTOti, 



the List of Edinburgh Spidem." By i: 
ii'., andWiiLiAH EvAHB, Esq., P.K.S.E. 
" Ou Sigillaria Branlii, Bninfft,, and ii 

E8q.,F.G.S., F.it.3.E. 
" A Preliminary Notice of a Parasitic Copepod from the vas deferens of 
Nephropt norrtgiaui." By J. STt'ABT TnoHHON, Esq. 

" Kihibition of Photographs illustrating Inioct Attack on Spruce and 

Pine, with Notn un the possibilities aS recoTsry after defoliation." 

By K, 3TEWAKT NUoDoruALL, Esq., B.8c 
"Exhibition, >ith Kemarks, of a dark Variety of thn Bam Owl {Si,-ix 

fiatntiua)." By W. Eaolb Clarkr, Esq.. F.L8, 
" Exhil>itiuu of a 3[iecimHU of Kgderiiia LalrtiUu, Loach, a DipUrona 

Parasite Irom Daubenlou'* Bat" By Pimov H. OkimsHaw, Eaq., 

F.K,S. 



M 




rerfiiflrfoj/, 18(ft .\ 



SESSION CXXVI. 

uPumbtT 18SB.— Piofeasot STBUTHElui, M.D.. LL.D., 
Preaidenl, in the Chair. 
nttlnng Viue-l'Tcaiileiit, J. G. OuuDcBiLn, Eaq., F.G.S., F.Z.S., 
divtred ttie tuail Opening Aildretui, the nubject being "Same Oeologiol 
""BridencB regarding the Age of the EBrth," 



:uBBS, M.D., LL.D,, 



, in the Cbalr. 

IvTbe following Office- Bearen were elected : 
ij^ntibnf — Proreuor JuHM Stuuthbiui, M.D., LL.D. 
rUt-PrrtiiknU—PtotemtiT J. Cobsar Ewabt, F.R.S, ; Ahdrrv 

L.D.S. ; Lieut. -Colonel Baii.bt, F.R,G.8 , F.B.S,E. 
Stentarg—VL. H. TitAqrAii:, M.D., LI^D., F.R.S. 
AuMtHUSeattarji—PBBOY H. QjiiuaHAw, F.E.S. 
TrtaguTer—QKoBam Liblz, P.F.A.. C.A. 



Liirrarian — J. Art 



rTuoji^un, M.A.. F.E.8.E. 



CDUnciUort— UUHtav Msnii, M.D. ; iUitwrt C. Mosauiaii, F,K.Het.i>., 
F.R.8.E. i B. N. Peach. F.G.S., F.R.S. ; William Raasell. M.D., 

IF.R.C.P.E,; William C. Crowford, F.K S.E. ; Hubert Kidston, F.G.S., 
F.K.a.E.: Lionel W. Biuxman, B.A. ; Thomait Scott, F.L.S. ; l.li. 
GoodohUd, Eeq., F.G.S.; Eobert Monro, M.A-, M.D.. F.R.S.E. ; 
R. Stewart MacDougall, B.Sc. ; PiMCeswir Malcolm Laurie, M.A., D.Sc. 



I The Secretary submitted the Annual Report by the Conccil, la Tollowd : 



REPOET OF COUNCIL, 189E-96. 

Dating the Stsaiou juat conolnded ten new Ordinary Foilowa harp been 

admitted, wliile, on the other liand, two JeutLs hate occurred and three 

reaignatians have been received, giving a uett increase of fivu to the 

Ueuiberihip of the Society. At the clone of the SeseioD the roll atood aa 

28S OrdiDBr; FallowH, 

»17 BoDorarj Fellows, 
18 Oorruponding Fellowa, 
Total 308 Fetlowf, 

The Communicationa laid before the Society neu' twenty in number, of 
which thirteeo were printed in the fasciculus nt Froctidingi which waa 
pablished on the Ixt October. Thert were alao Eve Eibibitiona of Specimen 

KAn iaapection of the Isat publiahed Part of the Proctedrngi will show that 
a Society ii proaperiug so far ■• acientific work ia ounoarued. We reqain^ 
nrerar, more Membeia, and the Council niuat again, an the prtiBe&t i 



Proceediii'ii of tlie Rijijcd Physical Society. 

U Mpeat the hope ottoD alrrftdy eiprMB«d, tbat oar Fellows will do 
tbsir utmost \o racmit tbe ranks of the Socict]r by indncing as many as 
ponlbla of their scicDti&c frisDds to join it. 



For the Coaiicil, 

K. H, TkaQPa™, Sttntary. 

The Traasnrer sabiuitted and eiplaiued an Alnlract af bis AcOQiuita aa 
andit«d by Messra Millar and Brown. 

The Librarian pr«nnted ibe rollowing Beport : 

HON. LIBRARIAN'S REPOaT, 1806. 

Thg Librarian bogs to report that the usual cicbangea hare been continued 
daring tha past jrear, and tbat tbe tranarereace of the books to tadia 
Buildings has made order possjiile for the Grst time for many years. Ha 
vrisbaa to take this opportunity of tbauking Mr Staort Thomaon for hu 
kiudDess in devoting over a farlnight's work to arranging the library. A 
Tcviiw of the library has disclosed the abseuca of a uamber of valamtss 
not accounted for in the Library Rook, and the Librarian would beg any 
Henbers who may have taken out books without entering them to returu 
these a* aoon at potsibi* to the room at India Gnildings. 

J. Aethde Tbonbon. 



The following cowmutiicationB wei 
1. "Note on the Prolonged Snali 






Weathar in F.ttiiibtirgh duriDg tho 

pieaant Autumn." By R. C. Mommak, Esq., F.B.Het.S., F.R.S.E. 
Additional Not«« on the Fossil Fishes of tlie Uppar Old Knl SandstouF 

of the Moray Firth Area." By K. H. Thaquair, Esq., M,D., LL.D,, 

F.E.S. 
Eihibition of aa anlarged Model of FalaaipoHdyltit Gunni." By R. II. 

TiiAQUirK, Esq., M.D., LUD., F.B.S, 
On Zebra Hybrids, with Linalight IlluitraHoiiB." ISy Prof. J. Coshab 

EwABT, M.D., F.R,8. 



The following communication a vrere read : 

1, " Note on a Human Skull showing diviriod Malar B 

J. STRirrHERS, M.D,, LL.D. 

2, "Soil Bacteriology in Eelntion to Agrii:ulture." 

UaqDodoall, Esq., M.A., B.Sc. 

3, "On the Probable Origin of Ilia Bi 

Flagstones." By J. 0. Qooduhil 
1, "Exhibition of Bipaliam kemmat from CorBlorphiuc. 
Tbomson, Esq., M.A. 



le," By Professor 
By R. Stewart 
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Wednesday^ \lih February 1897.— Professor Struthers, M.D., LL.D., 

President, in the Chair. 

The following gentleman was elected an Ordinary Fellow of the Society : 
Francis C. Crawford, Esq. 

The following commnnications were read : 

1. ••Notes on 'Fossil Man." By Dr Kobriit Munro, M.A., F.ll.S.E. 

2. "An Obscure Chapter in the Struggle for Existence.*' By J. Arthur 

Thomson, Esq., M.A. 



JFednesday, 17 th March 1897.— R. C. Mobsman, Esq., F.R.S.E., 

in the Chair. 

The following gentleman was elected an Ordinary Fellow of the Society : 
E. H. Cunningham Craig, Esq., B.A., F.G.S. 

The following communications were read : 

1. ''On the Postponement of the GFermination of the Seeds of Aquatic 

Plants." By H. B. Guppy, Esq., M.B. 

2. ''Results of Meteorological Observations taken in Edinburgh during 

1896." By R. C. Mobsman, Esq., F.R.Met.S. 

3. "On the Mollusca of the Laminarian Zone at Leith." By J. G. Good- 

child, Esq., F.Z.S. 



Wednesday, 2lst April 1897. — Professor Struthers, M.D., LL.D., 

President, in the Chair. 

The following gentleman was elected an Ordinary Fellow of the Society : 
Richard J. A. Berry, E^q., M.D. 

Messrs R. C. Millar, C.A., and Richard Brown, C.A., were re-elected as 
Auditors for the current Session. 

The following communications were read : 

1. "A Catalogue of Recent Cephalopoda— Supplement 1887-96." By W. £. 

HoTLB, Esq., M.A., F.R.S.E. 

2. " On a New Species of Fossil Plant from the Old Red Sandstone of Forfar- 

shire." By R. KiDSTON, Esq., F.G.S., F.R.S.E. 

8. ** Exhibition of Specimens of StellascolUes radiatuSf Etheridge, and Butho- 
trephis Harknessi, Nicholson, from the Skiddaw Slates." By R. 
KiDSTON, Esq., F.G.S. , F.R.S.E. 

4. "Exhibition, with Remarks, of a Specimen of the Great Bustard 

(OUs tarda, L.), obtained 8th February 1892, at Housebay, Stronsay, 
Orkney." By R. H. Traquair, Esq., M.D., LL.D., F.R.S. 

5. "Exhibition of a New Species of Butterfly from Northern India." By 

Pkrct H. Grimsuaw, Esq., F.E.S. 



I 

; 



LIST OF SOCIETIES WHICH RECEIVE THE 
SOCIETY'S " PROCEEDINGS." 



Those ImtUiUionn from ickiek Publicationt have been reeeired in return art 

indicated by an asterisk: 



BiRtflNGHAM, . 




Do. 




Cambridob, . 




Do. 




CiREXCBSTER, 




Durham, 




Halifax, 




Lesds, . 




Liverpool, 




Do. 




Do. 




LOWDON, 




Do. 




Do. 




Do. 




Do. 




Do. 




Do. 




Do. 




Do. 




Do. 




Do. 




Manohkstkr, 




Do. 




Do. 




Norwich, 




Oxford, 




Truro, 




Watford, 




Abbrokkn, 


COCKBURNBPATH, . 


Edinburgh, . 


Do. 


Do. 


Do. 


• • 



ENGLAND. 

^Philosophical Society, King Edward's Grammar School. 
•Natural History Society, Sir Josiah Mason's College. 
•Philosophical Society. 
University Library. 

•Editor of the Agricultural Students' Gazette. 
University Library. 

•Yorkshire Geological and Polytechnic Society. 
•The Conchological Society of Great Britain and Irelan<1. 
•Biological Society, University College. 
•Literary and Philosophical Society. 
•Engineering Society, Royal Institution. 

British Museum Library. 
•British (Natural History) Museum, South Kensington. 
•Royal Society, Burlington House, Piccadilly, W. 

Chemical Society, Burlington House, Piccadilly, \V. 
•Geological Society, Burlington House, Piccadilly, \V. 
•Linnean Society, Burlington House, Piccadilly, W. 
•Royal Microscopical Society, King's College. 

Museum of Economic Geology, Jermyn Street. 

Editor of Nature, 29 Bedford Street, Covent Garden. 
•Zoological Society, Hanover Square. 
•Geologists' Association, University College, W.C. 
•Geological Society, 36 George Street. 
•Literary and Philosophical Society, 36 George Street. 
•The Owens College. 
♦Norfolk and Norwich Naturalists' Society, The Museum. 

Bodleian Library. 
•Royal Institution of Cornwall. 
•Hertfordshire Natural History Society and Field Club. 

SCOTLAND. 

University Library. 
•Berwickshire Naturalists' Field Club, Old Cambus. 

Advocates' Library. 

University Library. 
•Royal Society. 

Royal Medical Society. 



400 



Proeeedinga of the Royal Physical Society. 



Edinbcboh, 
Do. 
Do. 
Do. 
Do. 
Glasgow, 
Do. 
Do. 
Do. 
Do. 
Pkbth, . 

St ANDBEW8, 



Bklfast, 
Dublin, 

Do. 

Do. 



Ambtbbdam, . 

Letdin, 

Utbbcht, 



*Royal Scottish Society of Arts. 
'Royal Scottish Oeognphical Society. 
'Botanical Society. 
'Highland and Agricnltural Society. 
'Geological Society. 
'Philosophical Society. 
'Natural History Society. 
'Geological Society. 
'Andersonian Society. 

University Library. 

Perthshire Society of Natural History. 

University Library. 

IRELAND. 

Natural History and Philosophical Society. 
'Royal Irish Academy. 
'Royal Dublin Society. 
'Royal Geological Society of Ireland. 

HOLLAND. 

*De Koninklijke Akademie van Wetenschappen. 
'Museum van Naturlgke Histoire. 
Provinciaal Genootschap an Kunsten en Wetenschappen. 



Bablb, 
Bebn, . 

Do. 

Geneva, 
Nkufchatkl, 
Zurich, . 



{ 



SWITZERLAND. 

'Die Naturforschende Gesellschaft 

'Allgemeine Schweizerische Gesellschaft fiir die gesammten 

Naturwissenschaften. 
'Die Naturforschende Gesellschaft. 
'Soci^te de Physique et d' Histoire Naturelle. 
'Soci^t^ des Sciences Naturelles. 
'Die Naturforschende Gesellschaft. 



Berlin, . 
Do. . 
Do. . 

Bonn, . 

Bremen, 
Brbsi^au, 

BnuNswicK, 
Dresden, 

Do. 
Elbkrfeld, 
Erlangen, 
Frankfort-on 

Do. 
Frikbdrc, i. B 

GoTTTNOEN, . 

Halle, . 



{ 



GERMANY. 

'Konigliche Akademie der Wissenschaften. 
'Deutsche Geologische Gesellschaft. 
'Gesellschaft Naturforschender Freunde. 
'Naturhistorischer Verein der preussischen Rheinlande 

Westfalens, und des Reg.-Bezirks Osnabriick. 
'Verein fiir Naturwissenschaft. 
•Schlesische Gesellschaft fiir VaterlanJische Cultur. 
♦Natnrwissenschaftlicher Verein. 
Konigliche Sammlungen fiir Kun>t un<l Wissenschaft. 
•Der Verein fiir Erdkunde. 
'Naturwissenschaftlicher Verein. 
University Library. 
MAlN,'Senckenbergischc Naturforschende Gesellschaft. 

( 'Deutsche Malakozoologische Gesellschaft, Dr Kobelt, 
' Schwanheini. 
, . Die Naturforschende Gesellschaft. 

. 'Konigliche Gesellschaft der Wissenschaften. 
. 'Kaiserliche Akademie der Naturforscher. 



List of Societies, etc. 
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Jexa, 
Lbifzio, . 

Do. . 

Do. . 
Munich, 
Stdttoart, 
Wdbzburo, 



*Medicinkc]i*iuitiirwineiischaftlicbe Gesellschaft. 
*Kdnigliche Sjichsische Gesellschaft der Wissenschaften. 

Natnrfonchende Gesellschaft. 

Editor of the Zoologiseher Anzeiger, 
*Konigliche Baierische Akademie der Wissenschaften. 
•Verein fUr Vatcrlandische Cultur in Wtirttemberg. 
'Physikalisch-medicinische Gesellschaft. 



Agram, . 
Hebhannstadt, 
Praguk, 
Triktb, 
Vknna. 
Do. 



AUSTRIA. 

*3ocietas Croatica Historico-nataralis. 
*Sieb€nbiirgischer Verein fiir Naturwissenschaft. 

Konigliche-bohmische Gesellschaft der Wissenschaften. 

Society Adriatica di Scienze Natural!. 
*K.k. zoologisch-botanische Gesellschaft. 
*K.k. Natnrhistorisches Hof •Museum. 



Bologna, 
Milan, . 
Do. 

MODINA, 

Naflks, 
Padua, . 

ROMB, . 

Turin, . 



1 



ITALY. 

*Accademia delle Scienze dell' Istituto. 

*ReaIe Istituto Lombardo di Scienze, Lettere ed Arti. 

Societi Italiana di Scienze Naturali. 

Societa dei Naturalist!. 

Editor of the Zoologiseher Jahreshericht^ Zoological Station. 
*Societi Veneto-Trentina di Scienze Naturali residente in 

Padova. 
*Reale Accademia dei LinceL 
*Reale Accademia delle Scienze. 



Madrid, 
Do. 



SPAIN. 

. •Real Academia de Ciencias exactas, fisicas e naturale«. 
Sociedad espafiola de Historia natural. 



COIMBRA, 

Lisbon, . 



PORTUGAL. 

Biblioth^ue de I'Universite. 
*Academia Real, das Sciencias. 



Bordeaux, 
Caen, . 
Cherbourg, 
Paris, 

Do. 

Do. 

Do. 

Do. 



FRANCE. 

La Soci^tti Linndenne. 

Soci^t^ Linndenne de Nonnandie. 
*Socidtd Nationale des Sciences Naturelles. 
*Acaddmie des Sciences de I'lnstitut. 
*Soci6t6 Geologique de France, Rue des grands Augustins, 7. 
*Soci6t6 Zoologique de France, Rue des grands Augustina, 7. 

Societe de Biologie. 

Ecole des Mines. 



Brussels, 

Do. 
Do. 



•{ 



BELGIUM. 

*Acadcmie Royale des Sciences, des Lettres, et des beaux 
Arts. 



. *Socidte Royale Malacologique de Belgique. 
. *Soci6t4 Beige de Microscopic. 
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Proceedings of the Royal Physicnl Society. 



BSBGBir, 
CHBISTIAKlAy 

Do. 

COFINHAOIV, 

Do. 
Stockholm, . 
Upsala, 
Do. 



DORPAT, 
KlBV, 

Moscow, 
St Peteb<*buro, 
Do. 



SCANDINAVIA. 

*The Mateam. 

*Deii Naturhistoriske Forening. 

UniTeniteU BibUothek. 
^KoDgelige Danske Videnskabernes SeUkitb. 
*Natnrhiatomke Forening. 
*Kongliga Svenska Vetenskaps^Akademie. 
*Kongliga Vetenskaps-Societeten. 
*Obt6nratoire M^t^orologique. 

RUSSIA. 

*Natiirfoncher Oeiellschaft. 
^Natural History Society. 
*Soci4U Imp^riale det Natoralittes. 
*Acadimie Imp^riale des Sciences. 
'Imperial Botanic Oarden. 



Albany, N. Y., . 
Baltimorr, . 
Bostok, 
Do./ 
Bbooktillb, Ind., 
Cambridok, Mass., 

Do. 
Chicaoo, 
Cincinnati, . 
Nkwhaven, Conn., 

Do. 
New York, . 
Ohio, . 
Philadklphia, 

Do. 
San Francisco, . 
St Louis, 
Washington, 

Do. 

Do. 

Do. 

Do. 
Wisconsin, 



Mexico, 
Do. 






Hamilton, 
Kingston, 



AMERICA. 

United States. 

*New York SUte Library. 
*John8-Hopkin8 Uniyersity Library. 
^American Academy of Arts and Sciences. 
*Society of Natural History. 
*BrookTille Society of Natural History. 
•Harvard University Library. 
* Museum of Comparative Zoology. 
•Academy of Sciences. 
•Society of Natural History. 
•Connecticut Academy of Arts and Sciences. 

Yale College Library. 
•New York Academy of Sciences. 
•Mechanics Institute. 
•Academy of Natural Sciences. 
•Wagner Free Institute. 
•California Academy of Sciences. 
•Academy of Sciences. 
•Smithsonian Institute. 

Philosophical Society. 
•United States National Museum. 
♦United States Geological Survey, 
•United States Commissioner of Fish and Fisheries. 
•Academy of Sciences, Arts, and Letters. 

Mexico. 

•Ministerio de Fomento de la Republics, Osservatorio 

Meteorologico. 
•Sociedad Cientifica, "Antonio Alzate," Osservatorio Met«*- 

orologico Central. 

Canada. 

•The Hamilton Association. 
♦Queen's University. 



List of Societies, etc. 
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Mahitoba, 
moktbbal, 
Ottawa, 

Do. 
Toronto, 



Halitax, 



*Hifitorica1 and Sdentific Society, Wiimipeg. 
*The Natanl History Society. 
^Canadian (Geological Survey. 
*Royal Society of Canada. 
*Tbe Canadian Institute. 

Nova Scotia. 
*Nova Scotia Institute of Natural Science. 



Brazil. 
Rio dk Janeiro, . Museu Nacional. 



Capetown, . 



Batayia, 

Calcutta, . 
Shanghai, 
ToKio, Japan, 



Adelaide, 

Melbourne, 

Sydney, 

Do. 

Do. 
Wklunoton, 



•I 



AFRICA. 
South African Philosophical Society. 

ASIA. 

*Koninkiyke Natuurkundige Vereeniging iu Nederlandsch 

Indie. 
Royal Asiatic Society of Bengal. 
* China Branch of the Asiatic Society. 
'Imperial University of Japan. 

AUSTRALASIA. 

*Royal Society of South Australia. 

*Royal Society of Victoria. 

•Royal Society of New South Wales. 

*The Australian Museum. 

*Linnean Society of New South Wales. 

*New Zealand Institute. 



VOL. xin. 



2e 



LIST OF FELLOWS, 

Ab at 30th June 1897. 



ThoM trtaried ' 



Attfcea. E. H., Salt Dep«rtni8nt, Bomba;. 

AtexaoJer, John, M.D,, L.R.C.P.. L.R.C.S., D.P.H., Wick. 
1856. 'AnaetTOD, J.. M.D,. LL,D., F.B.SS. L. k E„ F.L.S.. F.Z.S., F.A.S., 

71 Harringtou Gardens, London, S.W. 
187!. AndersDD, James, "Avenel," Mortonhall Hoad, Edinbnrgh. 

ApIwoD, UibHOgel, M,a,G.M.,IndefeDdej]tCo11vge, Bala, N. V>'kIm. j 

ArmilagK, J. A.. B.A., 28 Watorloo Kond South, WolTerhaapton. 

Bailey, LiBUt -Colonel Fred., {late) R.E., F.B.O.S., F.R.S.E,, _| 
7 Drummond Place. 

Bainbriil^, A. F., Tanfield, Edinbnrgb. 

Barbonr, A. H. F.. M.A., B.Sc, M.D., 14 Cbarlotto Sqaan. 

Barrett, W, H., M.B., CM., 81 Learmonth Toitbcb. 

BeaumODt, Alfred, The Red GottHge, Blsckheatb Park, London. 
'Bc'ldard, Frank E., M.A,, F.R.S., Zoological Gardens, Londuli, 

BsoBlf, Lswti, University Hnll, Rtmsay Lodge. 
1S75. Bennie, James, Geological Survey, George IV. Bridge, 

Beiry, Eiohard J. A., M.D., 4 Howard Place, 
'Bewy, W,, Tayfield, Newport, Fife. 

Bird, George, 31 Inverleith Row. 

Boi«aiire,de,Jean-Fran9ois, M.D., 18 TorringlonSiinare, London, W.O. 

BoBse, Fr., EdiobQrgli Oeogniphieal Institute, Piirk Rand. 

Bowbill, Thomas, P.RC.V.S., 1307 California Street, San Francisco, 
U.S. A. 

Bowie, A. F.p 16 Dnncan Street, Newington. 

Bradley, 0. C, M.R.C.V.3., 41 Elm Row. 

Brown, J. A. Harvie-, F.2.S., F.R.S.E., Dnnijiacc Honae, Larbert 

Brown, J. Macdonald, M.B., F.R.C.S,, Apslej Lodge, Grange. 

Broivn, Richard, C.A., 23 St Andrew Square. 
'Bruce, W. P., Kinleith Mill, Currio. 

Brnce, W. S., c/o R. Turnbnll, Esq., Newton Cottnge, Joppa. 

Buckley, T. £., B.A., F.Z.8., Koasal, Invemesa. 

Burrage, J. H., B.A.(Oion.), Royal Botanic Garden. 

Bart,RobortF.,M.B..124StraudGr«nRond,FiiisbuiypRrk,Landon,N. I 

Caldetwood, W. L, F.E.S,E., 7 Napier Road, 

OampbeU, Andrew, Durmsli Oil Company, ituugoou. 
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1898. Campbell, Kenneth Findlater, C.E., Hon. M. Inst C.E., M.S.I., Town 
Hall, Stockton-on-Tees. 

1892. earlier, Edmond W., B.Sc., M.D., Physiological Laboratory, The 

University. 

1876. *Carmichael, Sir T. D. Gibson, Bart., Castlecraig, Dolphin ton. 
1858. Carmthers, W., F.R.S., British Mnseum, London. 

1887. Clarke, £. Weamc, M.D., B.Sc.(Edin.), Kilblean House, Chesterfield. 

1888. Clarke, W. Eagle, F.L.S., Musenm of Science and Art 

1893. demons, O. Ernest, M.B., CM., Hospital, Launceston, Tasmania. 
1895. Clough, C. T., M. A., Geological Survey, George IV. Bridge. 

1893. Coates, H., F.R.S.E., PitcuUen House, Perth. 

1881. Cook, C, W.S., 11 Great King Street. 

1887. *Corke, H. C, F.R.S., 178 High Street, Southampton. 

1892. Corstorphine, Professor Geoige S., B.Sc., The University, Cape Town. 
1897. Craig, E. H. Cunningham, B.A., F.G.S., Geological Survey, 

George IV. Bridge. • 

1897. Crawford, Francis C, 19 Royal Terrace. 
1874. Crawford, W. C, M.A., Lockharton Gardens, Slateford. 

1877. *Dalgleish, J. J., Brankston Grange, Bogside Station, Stirling. 

1894. Day, T. Cuthbert, F.C.S., 86 Hillside Crescent. 

1885. Dendy, Arthur, B.Sc., c/o Dulau & Co., 87 Soho Square, London, W. 

1895. Dobbie, Rev. G. S., 2 Hailes Street. 

1894. Dobbie, James Bell, 2 Hailes Street 

1893. Donald, Charles W., M.B., CM., Konsgarth, Bndd Road. 

1895. Douglas, William, 10 Castle Street 

1889. Drieberg, Principal C, Agricultural College, Colombo, Ceylon. 
1880. Drummond, W., S.S.C, 4 Learmonth Terrace. 

1886. Duncan, James, Estate Office, Abercairny, Crieff. 
1885. Duncan, J. Barker, W.S., 6 Hill Street 

1883. Dunn, Malcolm, Palace Gardens, Dalkeith. 

1864. ♦Duns, Professor, D.D., F.R.S.E., 14 Green hill Place. 

1888. Edington, Alexander, M.B., CM., Bacteriological Laboratory, Cape 

Town, South Africa. 

1889. Elsworth, R. C, M.B., CM., St Helen's Road, Swansea. 
1880. Erskine, W., Oaklands, Trinity Road. 

1880. Evans, Wm., F.F.A., F.R.S.E., 38 Morningside Park. 

1883. Ewart, Professor Cossar, M.D., F.R.S., The University. 

1884. Fenton, Gerald A., Bellary, Madras, India. 

1882. Ferguson, J., 18 Clyde Street 

1884. * Ferguson, James A. E., M.B., Public Lunatic Asylum, Berbice, 

British Guiana. 

1885. Ferguson, James Haig, M.D., F.R.CP.E., 25 Rutland Street 
1895. Flett, John Smith, M.B., B.Sc, The University. 

1889. Fox, Fortescue, M.D., Strathpeffer Spa. 

1887. Fulton, T. Wemyss, M.B., CM., 8 Cameron Crescent 

1883. Gibson, E., 1 Eglinton Crescent 

1881. Gibson, J., Ph.D., F.R.S.E., 20 George Square. 

1892. Gilchrist, John D. F., M.A., B.Sc, Ph.D., Carvenom, Anstruther. 
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1880. Glover, J., S.S.C., 1 Hill Street. 

1889. Goodcliild, J. G., F.Z.S., F.G.S., Museum of Science and Art. 

1877. Grieve, S., 21 Qaeen's Crescent. 
1886. Grieve, Sjmington, 11 Lauder Road. 

1893. Grimshaw, Percy H., F.E.S., Museum of Science and Art, Assistant' 

Secretary, 
1895. Gunn, Rev. Archibald, St Andrews, New Brunswick, Canada. 
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